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SUCTION  VII. 

THE  SBALE  OIL  AND  ALLIED  INDUSTRIES* 

Although  the  credit  of  having  first  (in  1830)  investigated  the  pro- 
perties of  solid  paraffin,  obtained  from  wood-tar,  belongs  to  Reichen- 
K)ach,  the  existence  of  para£Qji  in  petroleum  had  been  more  or  less 
hazily  known  for  some  time  previous.  In  1809,  Fuchs  found  solid 
hydrocarbons  in  the  Tegernsee  oils,  and  in  1819,  Buchner  separated 
them  from  these  oils  in  comparative  purity.  By  the  latter  they  were 
described  as  "  mountain  fats,"  and  they  were  identified  with  paraffin 
in  1835  by  Von  Kobel.^ 

Reichenbach  ^  described  the  results  of  a  series  of  experiments  on 
the  reactions  between  various  substances  and  paraffin,  and  on  account 
of  the  inert  nature  of  the  material,  gave  to  it  its  present  name, 
expressly  stating,  however,  in  doing  so,  that  the  accent  should  fall 
on  the  second  a. 

Paraffin  was  obtained  by  Laurent  in  1830  by  the  distillation  of 
bituminous  shale,  and  in  1835,  by  Dumas,  from  coal-tar;  but  this 
substance  appears  to  have  been  only  regarded  as  a  curiosity,  and 
Lord  Playfair  states  that  prior  to  1850,  he  never  saw  a  piece  of  more 
than  one  ounce  in  weight.  Paraffin  is  asserted  to  have  been  made  for 
sale  by  Reichenbach's  pi*ocess  from  wood-tar  by  Mr.  John  Thom  of 
Birkacre,  before  the  year  1835.  In  the  year  1833,  Laurent  suggested 
the  working  of  the  Autun  shale,  and  products  manufJM^tured  frt>m  this 
material  were  exhibited  by  Selligue  in  1839. 

In  a  paper  by  Professor  F.  H.  Storer,'  the  credit  of  having  first 
placed  the  manufacture  of  paraffin  on  a  commercial  basis,  is  deservedly 
given  to  Selligue,  whose  patent  specifications,  both  in  France  and 
EIngland,  sufficiently  clearly  show  that  his  processes  of  distilling 
bituminous  schist,  ^c.,  and  of  purifying  the  distillate,  had  reached 
considerable  perfection  prior  to  1845.  His  principal  patents  are  the 
following : — November  14th,  1838  (No.  9,467),  to  which  an  addition 
was  made  on  March  27th,  1839,  and  another  patent,  dated  March 
19th,  1845.     Both  these  are  French  patents ;  but  the  invention  com- 

Srised  by  the  latter  was  also  the  subject  of  a  patent  taken  out  in 
ingland  in  the  name  of  De  Buisson  in  1845  (No.  10,726). 
In  this  specification,  the  patentee  describes  his  distilling  apparatus, 
which  included   in   one   case  the   use    of  superheated    steam,    and 

^  Jowm,/.  prakt.  CT^em.,  v.,  218. 

*  Sohweigger*!  Jahrbuch  der  Ohemie  und  PhyHk,  1830,  xxix.,  486  to  4B0. 

*  Am,  Joum.  ScL,  1860,  v.,  da 
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enumerates  various  qualities  of  distillate  available  for  use  as  illuminat- 
ing and  lubricating  oils,  white  crystalline  paraffin  suitable  for  candle 
manufi9icture,  and  sulphate  af  ammonia.  He  further  describes  the 
purification  of  the  oils  with  sulphuric,  hydrochloric,  or  nitric  acid, 
and  with  alkali. 

In  its  present  form,  however,  the  shale  oil  industry  owes  its 
existence  to  Dr.  James  Young  of  Renfrewshire.  While  manager  of 
•a  chemical  works  at  Liverpool  his  attention  was,  in  1847,  directed  by 
Dr.  Lyon  Playfair,  now  Lord  Playfair,  to  a  small  stream  of  oil  which 
flowed  from  the  top  of  a  coal-working  at  Alfreton  in  Derbyshire,  and 
from  this  oil  he  succeeded  in  extracting,  on  a  commercial  scale,  both 
wax  and  a  light  burning  oil,  as  well  as  a  heavy  lubricating  oil. 
This  supply  being  soon  exhausted,  Dr.  Young  attempted  to  imitate 
the  natural  processes  by  which  he'  believed  the  oil  had  been  pro- 
•ducecl,  by  the  action  of  gentle  heat  on  coal,  and  in  1850,  made  his 
invention  the  subject  of  his  celebrated  patent  (No.  13,292),  for 
"obtaining  paraffin  oil,  or  an  oil  containing  paraffin,  and  paraffin 
from  bituminous  coals  "  by  slow  distillation.  The  process  was  exten- 
sively carried  out  in  the  United  States,  under  licence  from  Young, 
until  crude  petroleum  was  produced  in  that  country  in  such  abund- 
ance, and  at  so  low  a  cost,  that  the  distillation  of  bituminous 
minerals  became  unprofitable.  The  litigation  which  took  place  in 
connection  with  Young's  patents  is  too  well  known  to  need  descrip- 
tion here. 

During  the  progress  of  Young's  expenments,  a  highly  bituminous 
mineral  called  Boghead  ooal  or  Torbanehill  mineral,  was  dis- 
covered, containing  60  to  70  per  cent,  of  volatile  matters,  and  from 
it  he  obtained  from  120  to  130  gallons  of  crude  oil  per  ton,  other 
coals  having  only  yielded  70  to  90  gallons.  This  mineral  was  worked 
•out  in  1862,  and  since  then  the  oil  and  paraffin  obtained  in  Scotland 
have  been  almost  exclusively  derived  from  the  bituminous  shales  of 
the  coal  measures  (first  worked  by  Robert  Bell  at  Broxburn  in 
1862),  the  shales  of  Midlothian  and  Linlithgow  furnishing  the  main 
supply. 

The  output  of  oil  shale  in  the  United  Kingdom  for  the  year  1894 
is  given  in  the  following  tabular  statement,  and  for  previous  years  in 
Table  XLIV.  :— 

Tom. 

Edinburgh,.        .         .        .        .         .  709,141 

Lanark  (East), 86,881 

Linlithgow, 1,168,488 

I  Stirling  (East), 2,497 

1  Lanark  (West), 4^ 

» Renfrew, 11,162 

Flintshire, 1,372 

Stafford  (North), 2,602 

Total,        .        .  1,986,383 


^  Probably  chiefly  used  in  gas  works. 
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Oil  shale  is  dark  grey  or  black,  and  has  a  laminated  or  homy 
fracture.  Its  specific  gravity  is  about  1  *75,  and  20  cubic  feet  of  it 
weigh  1  ton. 

True  shales  do  not  coke  when  heated  to  redness  in  a  closed  vessel. 
The  proportion  of  mineral  matter  in  the  shale  is  usually  about  73  per 
cent.,  but  is  occasionally  as  high  as  80  per  cent.  The  various  oil  shales 
exhibit  marked  differences  in  the  yield  of  oil  and  sulphate  of  ammonia. 
The  richer  shales  yield  about  30  gallons  of  oil  per  ton  of  shale,  and  in 
some  cases  as  much  as  40  gallons ;  but  the  higher  yield  is  usually 
obtained  at  the  expense  of  the  solid  paraffins,  and  of  the  quality  of 
the  heavy  oils.  The  inferior  shales  yield  about  18  gallons  of  oil, 
but  a  much  larger  amount  (firom  60  to  70  lbs.)  of  sulphate  of  ammonia. 

The  total  quantity  of  crude  shale  oil  produced  in  Scotland  during 
the  years  1892-94,  was  as  follows  : — 

1892, 44,238,280  gaUons. 

1893, 45,725,841       „ 

1894, 47,693,458       „ 

Oil  shales  yield  members  of  the  paraffin  and  define  series  rather 
than  of  the  benzene  group,  and  are  thus  distinguished  from  the  true 
ooal  shales. 

The  discovery  of  workable  seams  of  oil  shale  in  the  early  days  of 
the  Scottish  oil  industry  was  not  characterised  by  the  excitement 
which  prevailed  during  the  development  of  the  older  oil  fields  of  the 
United  States,  but  was,  nevertheless,  not  unattended  by  features  of 
interest.  The  author  has  in  his  possession  a  block  of  shale,  carved 
into  the  form  of  a  book,  of  which  the  following  particulars  were 
supplied  to  him  by  Mr.  Stewart  S.  Robertson : — 

<<  Some  forty  years  ago,  my  father  had  one  morning  a  visit  from  a 
notorious  poacher,  who  undertook,  on  payment  of  one  sovereign  and 
the  promise  of  fifty  more,  to  show  him  something,  and  never  again  to 
poach  on  our  property.  The  sovereign  was  paid,  and  I  was  deputed 
to  accompany  him.  On  arriving  at  a  certain  point  where  a  bum  runs 
between  high  steep  banks,  he.  began  picking  up  bits  of  what  he  told 
me  was  shale,  and  showed  me  a  part  of  the  burn  which  flowed  over  a 
smooth  black  surfiice  of  shale.  At  this  time  everybody  was  going 
shale  mad,  as  Young  had  just  commenced  his  now  well-known  works 
at  Addiewell,  about  3^  or  4  miles,  as  the  crow  flies,  from  Tarbrax,  the 
place  of  which  I  am  writing.  The  poacher  received  bis  £50,  and 
never  troubled  us  again.  The  next  day  I  returned  to  the  spot  with  a 
man  provided  with  the  necessary  tools,  and  we  soon  dug  a  hole  2  or  3 
feet  deep,  and  took  out  some  pieces  of  the  shale,  from  one  of  which 
the  ^  book '  you  have  was  made.  We  had  numerous  offers  to  lease  the 
land,  among  them  one  from  Young  himself,  but  my  father  selected 
Mr.  Fernie  as  his  tenant  for  719  acres.  Mr.  Fernie  at  once  commenced 
erecting  works,  but  the  difficulty  of  transporting  machinery  was  very 
great,  the  site  being  on  a  wild  moor,  and  before  the  works  were  quite 
completed  Mr.  Fernie  died.  Operations  were  continued  by  the 
executors,  the  Caledonian  Railway  made  a  branch  line  4  miles  long  on 
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to  the  property,  and  eventuallj  the  Caledonian  Oil  Company,  Limited, 
became,  and  now  are,  the  tenants." 

The  following  table  gives  the  names  of  the  companies  engaged  in 
the  Scottish  oil  industry,  the  year  of  formation,  and  the  amonnt  of 
paid-up  capital  and  debentures,  as  at  the  date  specified  : — 


Name. 

Year 
(aboutX 

Capital  paid  up  and  Debenturaa. 

Toan^s  Paraffin  Co.,  .     . 

1854 

£753,770    0 

0  as  at  .30th  April,  1894. 

StannggOil  Co.,     .     . 
OakbaAk  Oil  Co.,     . 

1865 

50,000    0 

0  as  in  1891.' 

1868 

67,500    0 

0  as  at  31st  March,  1895. 

iDalmeny  Oil  Co.,     .     . 

1871 

18,900    0 

0asat3l8tOct.,  1894. 

Broxburn  Oil  Co.,    .     . 

1877 

299,750    0 

0  as  at  4th  April,  1894. 
0  as  at  31st  March,  1892. 

Bamtisland  Oil  Co.,     . 

1881 

261,359    0 

Clippens  Oil  Co.,     .     . 

1882 

227,159  10 

0  as  at  30th  Sept,  1894. 

WestlothianOilCo., 

1883 

97,098  10 

0  as  at  31st  March,  1891. 

Pumpherston  Oil  Co. , 

1888 

213;310    0 

0  as  at  30th  April,  1894. 

iHolmaOilCo..    .     . 

1884 

40,000    0 

0  as  at  30th  April,  1894. 

Linlithgow  Oil  Co. , .     . 

1884 

174,807  10 

0  as  at  31st  March,  1894. 

Hermand  Oil  Co.,    . 

1885 

274,326  15 

0  as  at  31st  March,  1893. 

^James  Robs  &  Co.,  . 

1885 

79,000    0 

0  as  in  1891.* 

'Caledonian  Mineral  Oil  Co 

•  f 

1889 

107,450    0 

0  as  at  31st  May,  1892. 

£2,664,431    5 

0 

Of  these  companies,  the  Westlothian  is  no  longer  in  existence,  and 
neither  the  Burntisland  nor  the  Hermand  (which  acquired  the  refinery 
of  the  Walkinshaw  Oil  Company)  is  carrying  on  the  manufacture. 

Attempts  have  been  made  to  establish  an  industry  in  Ireland  by 
the  manu&cture  of  oils  and  paraffin  from  peat.  As  far  back  as  1849, 
Mr.  Rees  Reece  and  Sir  Robert  Kane  conducted  experiments  with 
this  object  in  view,  and  in  1850,  paraffin  was  commercially  made  from 
this  source. 

An  account  of  the  Kimmeridge  (Dorsetshire)  shale  will  be  found 
at  the  end  of  this  section. 

In  New  South  Wales,  a  so-called  ^^  kerosene  shale,"  which, 
however,  Professor  Liversidge  states,  is  more  of  the  nature  of  a  cannel 
ooal  or  torbaniUf  and  does  not  possess  the  properties  of  a  shale,  is  now 
produced  at  four  mines,  and  is  distilled  by  two  companies.  One  com- 
pany is  situated  at  Botany  Bay,  and  is  known  as  the  New  South 
Wales  Shale  and  Oil  Company,  its  former  name  having  been  the 
Western  Kerosene  Oil  Company.  It  distils  weekly  about  400  tons 
of  shale  obtained  from  Hartley  Vale,  near  the  Blue  Mountains,  on 
the  western  line.  The  other  company  —  the  Australian  Kerosene 
Shale  and  Oil  Company  —  distils  weekly  about  200  tons  of  shale 
from  Joadja  Creek,  near  Mitteagong,  about  80  miles  south  of  Sydney. 
The  following  tables  show  the  production  of  these  shales  from  1865, 

^  Manufactures  crude  oil,  but  does  not  refine. 

*  This  Compchny  purchased  the  business  of  the  Lanark  Oil  Co. 

'  Estimated  amount. 
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and  the  results  of  analyses  made  in  1889  for  the  Department  of  Mines 
of  New  South  Wales  : — 


TABLE  XLV. — Kerosene  Shale  produced  ik  New  South  Wales 

FROM  1866  TO  1889. 


Year. 

Quantity. 

Average  Price 
per  ton. 

Total  Value. 

Tons. 

£  8.    D. 

£    8.  D. 

1865 

570 

4  2  5-47 

2,350  0  0 

1866 

2,770 

2  18  10*48 

8,160  0  0 

1867 

4,079 

3  14  9-21 

15,249  0  0 

1868 

16.952 

2  17  711 

48,816  0  0 

1869 

7,600 

2  10  0  00 

18,750  0  0 

1870 

8,580 

3  4  3*18 

27,570  0  0 

1871 

14,700 

2  6  3-91 

34,050  0  0 

1872 

11,040 

2  11  11-91 

28,700  0  0 

1873 

17,850 

2  16  6-55 

50,475  0  0 

1874 

• 

12,100 

2  5  1-48 

27,300  0  0 

1875 

6,197 

2  10  2-22 

15,500  0  0 

1876 

15,998 

3  0  0*00 

47,994  0  0 

1877 

18,963 

2  9  081 

46,524  0  0 

1878 

24,371 

2  6  11*40 

57,211  0  0 

1879 

32,519 

2  1  1*96 

66,930  10  0 

1880 

19,201 

2  6  7-03 

44,724  15  0 

1881 

27,894 

1  9  2*59 

40,748  0  0 

1882 

48,065 

1  15  000 

84,114  0  0 

1883 

49,250 

1  16  10*77 

90,861  10  0 

1884 

31,618 

2  5  7-86 

72,176  0  0 

1885 

27,462 

2  8  11*62 

67,239  0  0 

1886 

43,563 

2  5  10-79 

99,976  0  0 

1887 

40,010 

2  3  10-43 

87.761  0  0 

1888 

34,869 

2  2  2-66 

73,612  0  0 

1889 

40,561 
556,682 

1  18  3*65 

77,666  15  0 

•  •  • 

2  4  4*20 

1,234,448  10  0 

4IO 
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TABLE  XLVI.— Analyses  of  Rbrosene  Shales  of 

New  South  Walk. 

Locality. 

Hygro- 
scopic 
Moisture. 

Volatile 
Hydro- 
carbons. 

Fixed 
Carbon. 

• 

•a 
1 

• 

1 

O 

Capertee, 

1-02 

74-70 

14-86 

9-42 

1-304 

nil. 

1-104 

No  true  coke  formed. 

»>             • 

0-76 

71-34 

17-06 

10-84 

0-988 

»> 

1-130 

»i         »»        tt 

»> 

•  •• 

•  •  • 

... 

12-37 

t 

•  •  • 

..  • 

•  •• 

) 

>» 

•  •  • 

•  •  « 

»•. 

12-45 

•  •  • 

.  •  ■ 

•  •  • 

/  Ash  estimated  only. 

Dungaree, 

•  •  • 

•  •• 

••• 

54*41 

•  •  • 

... 

•  •• 

»>             • 

0-71 

57-61 

10-85 

30*83 

0-578 

nil. 

1-26 

V  Ash,  light  grey. 

Gough  Harbour, 

0-40 

77-38 

8-27 

13*95 

0-789 

«) 

110 

Hartley  (near), 
JervisBay,  . 

•  •  • 

53-55 

18-2 

28*25 

•  •  • 

... 

•  •  • 

•  •  • 

0-20 

44*46 

12-87 

42-47 

•  •  • 

•«  ■ 

•  •  • 

t  •  • 

Katoomba,    . 

0-86 

46*39 

32*05 

20*70 

0-576 

52-75 

1-251 

/  A  dull  coke  formed, 
\     fairly  hard. 

»i 

116 

56*79 

13*73 

28*32 

0-88 

nil. 

1-264 

/  No  true  coke 

\  formed ;  ash,  grey. 

»f            • 

0-66 

67-52 

10-68 

21-14 

1-02 

t> 

1-02 

«i        )>        *» 

>» 

0-87 

62  84 

12-55 

23-74 

0-840 

»» 

1-180 

Ash,  grey. 

Megalong,     . 

0-58 

62-29 

12-35 

24*78 

nil. 

1$ 

1-214 

•  •• 

»» 

1-52 

56-96 

14*68 

26*84 

0-83 

ft 

1*323 

/  No  true  coke 

\  formed ;  ash,  grey. 

99 

0-65 

60*55 

12*68 

26-12 

nil. 

,, 

1-226 

•  •  • 

Mudgee  District 

» • 

0-35 

66-98 

12-01 

20-66 

0-43 

i> 

1195 

/  No  true  coke 
1   formed  ;  ash,  grey. 
/  Ash,  bright  red ; 
\  residue  fomly  coked 

>) 

0-89 

76*42 

16-62 

6-07 

0-854 

i> 

106 

Penrith  (near). 

0-61 

50-29 

8-90 

40-30 

0-342 

i> 

1*291 

Ash,  white. 

Picton       „ 

1-54 

26-89 

25-75 

45*82 

•  «  • 

••• 

•  •  • 

Ash,  grey ;  no  coke. 

**            >f 

1-62 

22*94 

26-79 

48*75 

•  «  • 

... 

•  •  m 

II                II 

Port  Stephens 
(Moma  Point), 

,} 

MO 

49*45 

14-22 

35*23 

•  •  • 

... 

•  •  • 

(  Ash,  bulky,  slate 
<    coloured ;  no  true 
(    coke. 

Thirlmere  (14 
miles  from), 

} 

1-75 

40-30 

9-70 

48*25 

0-686 

nil. 

1-478 

{  No  true  coke ;  ash, 
I         slate  colour. 

Wentworth  Falls, 

0-39 

65-91 

7-6 

26-10 

0961 

>i 

1-13 

Ash  almost  white. 

Westmoreland 
(0)unty  of). 

} 

0-78 

60-12 

704 

4206 

0-357 

>> 

1-356 

No  true  coke ;  ash,  grey 

TABLE  XLVIa.— Analyses  of  New  Zealand  Shales. 


Percentage  Composition. 

Relative 
percent- 
age of 
Volatile 
Matters. 

Relative 
percent- 
age of 
Fixed 
Carbon. 

Locality. 

Volatile 
Matters. 

Fixed 
Carbon. 

Water. 

0-69 
1-80 
4-61 
7-13 

Ash. 

Sulphur. 

D'Urville  \ 
Island, .     .  j 

Moneonui,    . 

Chatham  \ 
Islands,     .  j 

II            i> 

81-79 
75-20 
66-43 
64-67 

7  98 

9-30 

20-41 

19-87 

9-54 

13-70 

8-55 

8-33 

traces 
It 
II 
II 

91-11 
88-99 
76-49 
76-49 

8-89 
11-01 
23-51 
23-51 
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In  New  Zealand,  bituminous  shales  occur  to  a  small  extent  in  the 
upper  portions  of  the  coal  measures.  Specimens  have  been  examined 
by  the  Government  geologist  from  D'XJrville  Island,  in  Oook  Strait ; 
Monongui  and  Waiapu,  in  Auckland ;  Kaikorai  and  Blueskin,  in  Otago ; 
and  Orepuki,  in  Southland.  A  company  has  been  formed  to  work  the 
shale  of  Orepuki,  in  the  hope  of  obtaining  a  bonus  of  £5,000  which 
has  been  offered  by  the  Wellington  Government  for  the  first  100,000 
gallons  of  oil  manuCeu^ured  in  the  Colony. 

In  a  recent  article,^  M.  G.  Chesneau  has  given  a  very  full  descrip- 
tion of  the  French  Shale  Oil  Industry.^  The  principal  deposits  are 
those  of  Autun  and  Buxidres-les-Mines,  both  of  which  have  been  con- 
tinuously worked,  the  former  since  1862,  and  the  latter  since  1858. 
It  was  with  the  Autun  shales  that  Selligue  obtained  the  results 
referred  to  at  the  beginning  of  this  section.  There  are  also  workings 
in  the  Var,  the  Puy  de  D6me,  and  the  Basses  Alpes,  but  they  are 
insignificant  as  compared  with  those  of  Autun  and  Buxi^res. 

The  Boson  shale  field  in  the  department  of  the  Var  lies  about  five 
miles  north-east  of  the  Frejus  station  of  the  Marseilles  and  Nice  rail- 
way.    Works  were  erected  here  many  years  ago  and  were  for  some 

TABLE  XL VII. — Concessions  and  Method  op  Working  in  the  Districts 

OF  Buxi^bes  and  Autun. 


Ck>Dcei8ion8. 

8iueier€«, 

1.  Bnxi^res  •  la- 
Grue  and  La 
Courolle, 

2.  Lea  Clamorea, 


3.  Saint-Hilaire, 

Autun, 

'Les  Telots  and 

Surmonlin, 
'Margenne, 
*Ravelon, 
•Iffomay, 
Muse, 


Le  Riiet, 
La  Comaille, 


Proprietors. 


M.  Duchet, 

MM.  Rondeleux 
&  Cie. , 

M.   le   comte    de 
Cbateaubriant, 

Soci^t^  Lyonnaise, 


M.  Aymard, 


M.  J.  Ragot, 

MM.  Rondeleux 
&  Cie., 


Nature  of  Works. 


Underground,  for  shale  and  coal.  A  pit 
and  a  tunnel  in  the  hillside.  Works  for 
distilling  shale  and  refining  crude  oil. 

Under^;round,  a  pit  for  shale  and  coaL 
Distilling  and  refining  works.  There 
is  also  a  tile  works. 

Under^ound,  a  pit  for  shale  and  coal. 
Distilling  and  refining  works. 

Underground  workings  (pit)  for  shale  and 

boghead.     Distilliuff  plant. 
The  same,  but  for  shale  only. 


t> 


>> 


i> 


>t  ti  >> 

Underground  shale  workines.  The  shale 
is  distilled  and  the  crude  oil  sold  to 
the  Cie.  Lyonnaise. 

Underground  (pit),  for  shale.  Distilling 
and  refining  plant. 


»» 


>> 


»» 


1  Ann,  des  Mines,  1893,  iii.,  617  to  674. 

3  Other  valuable  articles  on  this  subject  are  those  of  Choisson  (Schistes  bitumi- 
neux  d*AutuD),  and  of  Toumaire  (Industrie  des  huiles  de  Schiste  dans  TAutunois), 
in  the  Ann,  des  Mines,  1871,  Sixth  Series,  xx.,  347  and  474. 

'  N.B. — The  oils  from  these  four  works  are  refined  in  the  same  works  at 
Saint-Leger. 
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time  in  operation.  The  shale,  which  is  s&id  to  roBemble  Boghead, 
■Appears  to  have  yielded  about  50  gallons  to  the  ton,  of  erode  oil,  front 
which  th«  following  prodncts  were  obtained  : — 

Bnmiiig  oil  and  spirit,  ^  gallons. 

Lnbricating  oil,  10      „ 

ParafGn  icale,  2^     „ 


TABLE  XLVUI.-^ 

:JHALB  Oil  at 

AnruH  Axn  Buxikass 

DOW 

HG  1890 

1 

~  ~ 

i 

Numbarol 

II 
1 

5 

5 

s 

Hudi 

■| 

^ 

I 

■s 

i 

•3 

BmploToL 

MWKS  IHU    WURKK. 

!■ 

If 

1 

1- 

as 

h 

Jumn- 

Uubic 

Leo  Telot«,  . 

ii"u^. 

LILm. 

m™; 

25.572(o) 

64 

4  50  1 

14.733 

162 

78 

MuganiiB,   .         . 

6,000 

6 

4'50 

0-875 

1,600 

15 

40 

R>7elon, 

52 

fi'60 

14.186 

65 

35 

Igomay, 

29."  100 

«7 

4  50 

0-860 

13.712 

75 

40 

8t.Leier,    .         . 

20 

45 

.l/u*,               .         . 

13,564 

in 

s'i) 

0-872 

7,443 

23 

12 

U  Jiuet. . 

20,000 

36 

5-25 

0-Sfl2 

10,500 

16 

34 

27 

LaComaUU,   . 

24,000 

145,856 

60 

- 
344 

575 

0-870 

13,800 

14 

SS 

65 

Totala  and  averages. 

5-05 

0-878 

75,874 

44 

419 

342 

Buxiira^ 

Lm  Plamorea, . 

19.693 

36 

5-SO 

0-893 

11,600 

IS 

30 

Bniigru  -  la  ■  Oraa 

and  la  ConroUe,  . 

26,000 

60 

5-40 

0-S97 

20,000 

14 

120 

60 

(faiDt-Hllaire,. 

22,61.1 

36 

6-25 

0-877 

14.000 

8 
41 

35 

217(c) 

43 
123 

7'otala  and  averages, 

70,295(fcl 

132 

5'8R 

0-889 

45,600 

Grand  total.     . 

2ia,lSI(t) 

176 

5-4;) 

0-883 

121,474 

85 

636(c 

465 

Obiervalioiu. 
{a)  In  addiUon  to  8,600  tota  of  boghead. 
(ft)  „  39,450  toDB  of  coal, 

(e)  „  16C  hands  employed  in  the  coal  getting. 

At  Boxi^rea,  the  measarea  are  blackish  shales  and  sandstones,  and 
coQslBt  in  an  upward  direction  of  (1)  coal ;  (2)  bituminous  shale;  and 
(3)  flint,  limestone,  and   bituminous  shale.     At  Autun,  the   shales 


GEOLOGICAL   FORMATION.  413: 

extend  over  an  area  of  18,000  hectares  (1  hectare  equals  2*47  acres), 
and  comprise  nine  proven  seams,  of  which  seven  are  worked.  TJiej 
are  usually  from  2  to  2^  metres  in  thickness,  but  the  upper  seam,  which 
is  worked  at  the  Telots,  has  a  thickness  of  only  about  1  metre.  It, 
however,  includes  a  seam,  25  centimetres  in  thickness,  of  Boghead  ccal, 
which  gives  it  value.  Tables  XLVII.  and  XLVIIL  show  the  con- 
cessions and  methods  of  working  at  Autun  and  Buxi^res,  and  give 
various  other  particulars  of  the  industry. 

Large  deposits  of  shale  occur  in  Servia,  near  the  station  of  Alexinatz, 
on  the  Servian  railway.  The  principal  shale  seam  appears  to  consist  of 
*^  leaf  shale  "  (6  metres),  and  "  sandy  shale ''  (26  metres),  with  bands  of 
poorer  shale  above  and  below.  In  a  practical  trial  made  by  one  of  the 
Scottish  oil  companies,  this  shale  is  stated  to  have  yielded  per  ton,  from 
43^  to  45j^  gallons  of  oil  having  a  solidifying-point  of  90"^  E.  Analytical 
examination  is  said  to  have  shown  that  the  crude  oil  would  yield 
per  100  gallons : — 


Specific  Gravity. 

Oallont. 

0*810  to  0*820 

30-0 

0-840  to  0-865 

4-5 

0  880  to  0-885 

15-5 

... 

14-3 

Bomiogoil, 

Intermediate  oil,  .... 
Lubricating  oil,  .... 
Paraffin  scale,  hard  and  soft,  . 

Extensive  deposits  of  oil  shale  are  stated  to  occur  in  the  Bonda- 
district  in  Southern  Spain. 

The  production  of  mineral  oils  and  paraffin  by  the  distillation  of 
lig^te  is  carried  on  in  Saxony.  The  mineral  worked  is  a  peculiar 
earthy  lignite  occurring  within  a  small  portion  of  the  Saxon  Thurin- 
gian  brown-coal  formation,  between  Weissenfels  and  Zeitz. 

The  geological  occurrence  and  mining  of  oil  shale  in  Scotland  have 
been  very  fully  treated  by  Mr.  R.  T.  Moore,  from  whose  description  * 
the  following  account  is  largely  derived. 

Gtoolog^oal  Formation. — The  Scottish  shale  oil  industry  depends 
almost  entirely  on  the  shales  bf  the  Calciferous  sandstone  series,  lying 
between  the  Carboniferous  limestone  and  the  Old  Red  sandstone. 
They  occupy  a  large  area  in  the  centre  of  Scotland,  running  south-west 
from  St.  Andrews  and  Dunbar  to  Ardrossan  in  a  belt  30  to  40  miles- 
wide,  but  so  far,  oil  shales  have  only  been  found  near  West  Calder, 
TJphall,  Queensferry,  Loanhead,  and  Burntisland,  a  distance  between 
extremes,  of  24  miles.  The  beds  occur  mostly  in  small  basins,  cropping 
up  to  the  surface  on  all  sides,  with  a  small  flat  portion  in  the  centre  of 
the  basin,  the  outcrops  being  in  some  cases  cut  off  by  large  faults. 
One  of  the  largest  continuous  areas  of  shale  is  at  Pentland,  the  levels 
being  2  miles  long  without  important  faults. 

The  thickness  of  shale-bearing  strata  proved  is  about  3,000  feet,  the 
leading  feature  being  the  Camps  or  Burdiehouse  (fresh-water)  lime-' 
stone,  sometimes  40  feet  thick,  above  and  below  which  are  found  well- 
known  shale  seams.  The  following  principal  seams  have  been  recog-' 
nised  in  the  descending  order  given  : — 

1  Trans.  Fed,  Inat,  Mining  IBng.,  1893,  iv.,  36. 
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1.  The  Dam  or  Raebum  shale. 

2.  The  Mungle  or  Stewart  shale. 

3.  The  Grey  shale. 
4    The  Fell  shale. 


5.  The  Broxburn  shales. 

6.  The  Dunnet  shales. 

7.  The  Barracks  shale. 

8.  The  Pompherston  shales. 


The  Dam  shale  averages  from  2^  to  3  feet  in  thickness,  and  has 
only  been  worked  to  a  limited  extent. 

The  Mungle  shale,  which  averages  a1>out  2^  feet  in  thickness,  was 
formerly  worked  in  the  West  Calder  district.  It  is  separated  from 
the  Grey  shale  by  the  ^Htoo-foot  coal^^  which  was  formerly  worked  as 
cannel  at  Drumcross,  near  Bathgate. 

The  Grey  shale  is  worked  at  Addiewell,  and  lies  above  the  Houston 
coal,  which  consists  of  several  thin  coal  seams,  formerly,  but  not  very 
successfully,  worked,  at  West  Calder,  Broxburn,  and  Ochiltree. 

The  important  Fell  shale,  which  is  the  richest  of  the  Scotch  oil 
shales,  is  worked  at  Tarbrax,  Addiewell,  Breich,  Seafield,  Hermand, 
and  Pentland.  It  produces  from  36  to  40  gallons  of  crude  oil,  and 
yields  from  11  to  14  lbs.  of  ammonium  sulphate  to  the  Henderson 
retort,  and  25  to  35  lbs.  to  the  Young  and  Beilby  retort,  per  ton. 

Next  come  the  Wee,  the  Big,  the  Wild,  and  the  cfurly  shale, 
followed  by  the  Broxburn  shale,  which  averages  5}  feet  in  thickness, 
and  is  worked  at  Addiewell,  Seafield,  Hermand,  Oakbank,  Broxburn, 
Hopetown,  Linlithgow,  Philipstown,  and  Pentland.  It  produces  28 
to  33  gallons  of  crude  oil,  and  yields  16  to  20  lbs.  and  26  to  32  lbs. 
of  ammonium  sulphate  to  the  Henderson  and  Young  and  Beilby 
retorts  respectively.     It  is  underlain  by  the  Lower  Wild  shale. 

The  Diinnet  shale  is  from  6  feet  to  16  feet  in  thickness.  It  is 
worked  at  West  Calder,  Oakbank,  Pentland,  and  Burntisland.  It 
yields  from  15  to  30  gallons  of  crude  oil,  and  overlies  the  Lower 
Dunnet  shale,  which  is  worked  at  Oakbank  only. 

The  Barracks  shale  was  formerly  worked  to  a  small  extent  at 
Deans,  near  Bathgate,  and  at  Linlithgow,  and  has  an  average  thickness 
of  about  10  feet.  Beneath  it  lie  the  Gamps  or  Burdiehouse  lime- 
stone, and  then  come  the  Pumpherston  shales,  which  comprise  the 
Jubilee  shale  about  8  feet  thick,  the  Maybriok  shale  about  6  feet, 
the  Curly  shale  about  6}  feet,  the  Big  plain  shale  about  8^  feet, 
and  the  Wee  plain  shale  about  4}  feet  in  thickness.  All  these  shales 
are  worked  at  Holmes  and  Pumpherston,  as  well  as  at  the  Roman 
Camp  Works  of  the  Broxburn  Oil  Company. 

The  Curly  shale  yields  19  gallons  of  crude  oil  per  ton,  and  from 
60  to  70  lbs.  of  sulphate  of  ammonia  to  the  Young  and  Beilby  retort. 
On  the  average  the  Pumpherston  shales  yield  16  to  22  gallons  of  crude 
oil  per  ton,  together  with  25  to  35  lbs.  of  sulphate  of  ammonia  to  the 
old  form  of  the  Henderson  retort,  and  50  to  60  lbs.  to  the  Young 
and  Beilby  retort. 

The  "  blaes  ^  between  the  various  Pumpherston  shales  yield  a  large 
quantity  of  sulphate  of  ammonia,  and  are  sometimes  distilled  along 
with  the  shales. 

The  seams  vary  in  thickness  and  quality  in  different  districts. 
Thus,  the  Broxburn  shale,  which   yields  over  30  gallons  of  oil  at 
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Broxburn  and  Oakbank,  only  produces  19  gallons  at  linlitbgow. 
The  shales  accompanying  this  seam,  viz.,  the  Big  shale,  the  Curly 
shale,  and  the  Wild  shale,  are  all  worked  at  Oakbank,  but  are  thin 
and  unworkable  at  Linlithgow.  The  two  seams  found  below  the 
Dunnet  at  Oakbank  have  not,  so  far,  been  recognised  at  Fentland. 

The  distance  between  the  seams  also  varies  greatly ;  the  distance, 
for  example,  between  the  Dunnet  shale  and  the  Burdiehouse  limestone 
being  only  20  fathoms  at  Fentland,  and  over  100  fathoms  at 
Oakbank.  The  variations  are  greater  than  in  the  coal  seams,  and 
this  has  caused  many  disappointments,  the  best  known  seams  having 
been  at  their  best  where  first  opened  up,  and  subsequent  seams  show- 
ing no  improvement.  Generally,  the  upper  seams,  down  to  the 
Broxburn  shales,  contain  more  oil  than  the  lower,  the  latter  being 
richer  in  ammonia.  This  last  is  a  special  feature  of  the  Pumpherston 
•shales. 

So  far,  the  seams  have  not  been  worked  under  the  outcrop  of  the 
Carboniferous  limestone,  the  nearest  being  to  within  300  yards,  at 
Fentland  (where  the  shales  dip  at  an  inclination  of  1  in  2),  and  the 
deepest  workings,  200  fathoms  from  the  surface.  It  is  not  easy  to 
form  an  idea  whether  they  exist  under  this  formation,  or  how  far  they 
•occur  in  other  parts  of  the  Calciferous  sandstone,  the  few  borings  in 
the  east  of  Fifeshire,  Haddingtonshire,  and  Ayrshire  having  been 
unsuccessful.  At  Lesmahagow,  and  in  parts  of  Ayrshire,  the  Cal- 
ciferous sandstones  are  wanting,  the  Old  Red  sandstone  lying  directly 
below  the  Carboniferous  limestone. 

Mining  or  Winning  Oil  Shale. — The  shale  is  mined  by  the  pillar 
sad  stall  system  when  the  seams  are  over  4  feet  in  thickness,  the 
pillars  being  left  large  enough  to  be  taken  out  in  a  second  working. 
Beams  under  4  feet  are  worked  by  the  long-wall  system.  The  shale  is 
blasted  down  by  gunpowder.  It  is  all  passed  over  a  1-inch  riddle, 
•and  the  smalls  are  left  underground.  The  tubs  are  drawn  up  by 
-coupled  direct-acting  engines,  in  trains  of  eight  to  twelve.  E^h 
carries  from  7  to  14  cwts.  The  water  in  the  shale  deposits  is  usually 
not  great,  and  seldom  exceeds  300  gallons  per  minute.  It  is  often 
pumped  up  by  the  Moore  hydraulic  pump,  but  at  Oakbank,  where  the 
•influx  is  sometimes  as  much  as  1,200  gallons  of  water  per  minute, 
there  is  a  vertical  pit  70  fathoms  deep,  with  a  grasshopper  beam 
engine,  and  28-inch  plungers.  The  pumping  is  attended  with  some 
difficulty,  direct  rods  from  the  surfJEuse  being  liable  to  breakage,  while 
the  heat  from  steam  pumps  injures  the  roof  and  floor  of  the  workings. 
Although  shales  evolve  fire  damp,  all  the  mines  are  worked  with 
naked  lights,  a  very  perfect  ventilation  being  maintained  by  £buis. 

The  cost  of  production  varies  between  4s.  and  6s.  per  ton  delivered 
4bt  the  works.  Lordships  or  royalties  vary  from  .3d.  to  lOd.  per  ton  of 
shale.  If  levied  on  the  crude  oil,  they  are  usually  one-third  of  a  penny 
per  gallon ;  if  on  the  refined  product,  one-fortieth  to  one-thirtieth  of 
the  price. 

The  mines  are  frequently  close  to  the  works,  in  which  case  the  tubs 
4ure  drawn  in  by  chain  haulage  or  otherwise.     The  greatest  distance 
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between  mine  and  works  does  not  exceed  4  or  5  miles.  Before  being 
retorted,  the  shale  is  passed  through  a  toothed  breaker,  which  reduoea 
it  to  flat  pieces  about  6  inches  square,  as  much  as  600  tons  being  treated 
daily  by  each  breaker.  It  is  then  raised  by  an  elevator  to  iron  tabs  of 
10  cwts.  capacity,  which  run  along  rails  and  discharge  into  the  tops  of 
the  retorts. 

Distilling  Shale. — For  much  valuable  information  relative  to  the 
distillation  of  shale,  and  the  refining  of  the  products,  the  author  is 
indebted  to  Mr.  John  Wishart,  of  the  Oakbank  Oil  Company.  At 
the  beginning  of  the  shale  oil  industry,  the  distillation  was  con- 
ducted in  horizontal  retorts,  like  those  now  used  for  coal  gas,  and  the 
heavy  oils  and  paraffin  obtained  in  the  refining  of  the  crude  oil  were 
burned.  After  it  was  found  that  the  solid  paraffin  was  of  value,  the 
vertical  retort  was  introduced,  as  the  dissociation  of  this  product  ia 
thereby  minimised,  and  steam  was  employed  to  carry  the  oil  vapoars 
from  the  retort.  The  condensed  water  was  also  utilised  as  a  source  of 
ammonium  sulphate. 

The  next  improvement  consisted  in  distilling  under  a  reduced 
pressure,  and  this  was  followed  by  the  invention  in  1871,  by  William 
Young,  of  an  arrangement  in  which  the  exhausted  shale  was  employed 
as  a  heating  agent.  Young,  however,  attempted  to  produce  this  result 
in  a  prolongation  of  the  retort  in  which  distillation  was  progressing, 
and  it  was  found  that  the  product  thus  became  contaminated  with  tar. 
His  invention  was  soon  superseded  by  that  of  Henderson,  in  which 
the  spent  shale  was  allowed  to  drop  from  the  retort  into  the  furnace, 
where  it  served,  in  its  already  heated  condition,  as  fuel.  At  a  later 
date,  the  retort  jointly  invented  by  Young  and  Beilby  came  into 
general  use,  and  that  in  turn  may  not  improbably  be  replaced  by 
the  new  Henderson  retort,  or  by  the  retort  now  being  tested  by  the 
Pumpherston  Oil  Company. 

The  constant  improvement  in  the  distilling  apparatus,  described  in 
detail  in  the  following  pages,  has  resulted  in  so  great  a  reductioii  in 
the  cost  of  the  products,  that  the  Scottish  industry  has  hitherto  been 
able  to  compete  against  imported  oils  and  paraffin  obtained  ffom 
petroleum.  The  various  economies  introduced  are  stated  to  have 
resulted  in  the  reduction  of  the  cost  of  finished  oil  (after  crediting  the 
value  of  the  sulphate  of  ammonia)  to  2^d.  per  gallon,  which  is  about 
one-sixth  of  the  cost  thirty  years  ago. 

In  the  earliest  system  of  distillation,  the  shale  was  heated,  as  already 
stated,  in  horizontal  cast-iron  retorts  resembling  those  then  used  for 
coal-gas  manufacture,  the  retorts  being  discharged  after  the  volatile 
constituents  had  been  driven  off,  and  re-charged. 

The  difficulty  of  regulating  the  heat  in  this  form  of  retort  led  to  the 
introduction  of  a  system  devised  by  Hompesh,  in  which  a  horizontal 
retort  heated  to  redness  only  at  one  end  was  employed.  The  shale 
was  introduced  at  the  cool  end  and  was  gradually  driven  by  a  screw 
towards  the  heated  end,  where  it  was  discharged  in  a  spent  condition. 
This  system  was  adopted  by  Young  and  Meldrum,  but  was  found  iin- 
satisfiiictory,  and  was  soon  superseded  by  the  use  of  vertical  retorts^ 
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the  introduction  of  which  is  attributed  hj  the  late  Dr.  A.  C  Kirk  to 
Dr.  Price.  Ad  arrangement  for  the  employment  of  vertical  retorts  oa 
what  is  known  as  the  oontintioas  system,  is  shown  in  Figs.  137  to 
139.     The  retorts  were  of  circular  (2  feet  in  diameter)  or  of  oval 


Fig.  137. 
section  (2  feet  b;  1  foot  i  inches)  and  8  or  10  feet  long.     Six  or  eight 
of  these  were  arranged  in  a  chamber  with  an  arched  furnace  in  the 
centre,  and  were  charged,  without  allowing  escape  of  vapour,  by  u 


nupi  pE^ 


Fig.  138. 
of  hoppers  at  the  top.     A  portion  of  the  exhausted  shale  was  with- 
drawn every  hour  from  the  lower  end  of  the  retorta  through  a  trough 
of  water,  forming  a  seal,  bo  that  the  charge  descended  gradually  and 
was  blowly  raised  in  temperature. 


41 8  THE    SHALE    UIL    AND    ALUED    INDUSTRIES. 

The  heat  employed  was  »  dull  red,  and  the  lower  portion  of  the 
retort  was  tlio  hottest.  A  jet  of  steam  was  introduced  at  the  bottom 
of  the  retorts,  and  the  products  passed  from  the  upper  part  to  the 

r^The  use  of  steam  appears  to  have  been  first  suggested  bj  SpUigue,' 
And  is  said  to  have  given  with  the  Bathgate  retort,  in  18S1,  an 
increase  in  the  yield  of  oil  from 
Boghead  coal,  from  90  or  100  gallons 
to  over  120  gallons  per  ton. 

In  1879-HO  Young  and  Beilby 
found  that  if  the  shale,  after  com- 
plete distillation  of  the  volatile 
matter,  were  submitted  to  the  con- 
tinued action  of  steam  at  a  high 
temperature,  an  increased  amount 
of  the  nitrogen  of  the  shale  was 
obtained  as  ammonia. 

For  some  time  after  the  intro- 
duction of  the  continuous  system,  in- 
termittent distillation  in  horizontal 
retorts  was  still  carried  on  by  many 
makers,  &a  the  "cracking"  of  the 
iieavier  oils  in  such  retorts  gave 
large  quantities  of  light  burning 
oils,  which  required  little  refining, 
and  were  then  in  the  greatest 
demand.  A  rival  to  the  continuous 
system  was  introduced  in  1867,  in 
the  intermittent  retort  (Fig.  140), 
patented  by  William  Young  and  Peter  Brash.^  This  was  set  verti- 
cally, and  the  bottom  was  protected  from  the  fire,  while  the  sides  were 
heated  by  the  gases  from  the  furnace.  The  retort  was  joined  at  the 
bottom  to  an  outer  casing,  but  was  open  at  the  top.  Part  of  the 
incondensable  gases  evolved  from  the  shale  were  passed  into  the 
space  between  the  retort  and  its  casing,  and  having  become  further 
heated,  were  drawn  into  the  retort  and  passed  downwards  through 
the  »ha]e,  carrying  the  oil  vapours  to  the  condensers.  When  first 
introduced,  this  retort  is  said  to  have  given  better  results  than  the 
continuous  retort,  but  it  was  soon  superseded  by  improvement  made  in 
the  latter  form. 

In  the  earlier  form  of  Henderson  retort  (Fig.  141),  patented  in 
1873  (No.  1,327),  the  spent  shale,  the  carbon  content  of  which  amounts 
to  about  9  to  14  per  cent.,  is  utilised  as  fuel.  The  retorts,  which  ore 
set  in  a  group  of  four  in  a  chamber  above  the  furnace,  are  of  oblong 
cross  section,  15  feet  in  length,  and  of  a  capacity  of  about  18  cwts. 
The  furnace  has  an  arched  roof,  along  the  centre  of  which  are  apertures 
for  the  passage  of  the  furnace  gases  into  the  chamber  above,  these  gases 
■  See  patent  taken  oat  in  Engtand  bv  De  BuiaKm  in  184fi  (No.  10,72S). 
'  Patent,  No.  6fiO,  1867. 
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being  fint  led  upwards  hy  vertical  flae  walls  or  screens,  and  tiiuillj 
fMSsiiig  from  the  chamber  through  flues,  into  the  chimney. 

The  lower  end  of  the  retort  is  slightly  bevelled  and  projects  into 
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the  furnace  as  shown,  through  aa  iron  framing  fitted  with  ut  iituk 
valve,  9,  lined  with  fireclay  and  normally  protecting  the  bottom  door, 
7,  of  the  retort  and  its  fittings.  A  light,  removable,  malleable  iron 
lever,  8,  with  a  faorizontal  spindle,  tnraa  in  bearings  in  the  casing 
contaiaitig  the  framing,  and  serves  for  opening  or  closing  the  door,  7. 


Fig.  111. 


When  the  door  is  open,  the  valve,  9,  may  be  turned  down  to  form 
an  inclined  plane  or  shoot  to  guide  the  spent  shale  into  the  furnace,  m 
shown  to  the  right  of  the  tigare.  A  hinged  grating,  11,  keeps  the 
shale  away  from  the  colder  outer  corner  of  the  retort  bottom,  and 
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when  the  door,  7,  is  removed,  prevents  the  shale  from  descending  until 
the  valve,  9,  is  tamed  outwards.  The  combustion  of  the  spent  shale 
is  assisted  by  the  introduction  of  a  little  coal  into  the  furnace,  and 
the  incondensable  gas  from  the  retorts  is  also  supplied  through  a 
pipe,  13.  The  bottom  plates,  12,  of  the  furnace  may  be  turned 
downwards  to  discharge  the  ashes  into  bogies. 

The  retorts  are  charged  in  rotation  as  follows  : — When  a  sufficient 
temperature  has  been  attained  in  the  chamber  containing  them,  one 
retort  is  charged  from  the  top,  and  in  four  hours,  the  one  diagonally 
opposite  to  it  is  charged.  After  eight  hours,  the  one  next  to  the  first 
is  charged,  and  after  twelve  hours,  the  fourth.  Up  to  the  sixteenth 
hour  only  ordinary  fuel  is  used  in  the  furnace,  but  the  spent  shale 
from  the  first  retort  is  then  discharged  into  the  furnace.  The  other 
retorts  are  similarly  discharged  in  the  above  order  at  intervals  of  four 
hours,  each  being  at  once  recharged.  The  shale  is  black  when  dis- 
•charged,  but  it  soon  glows  brightly.  Owing  to  the  small  amount  of 
carbon  in  the  spent  shale,  only  a  slow  draught  is  kept  up. 

The  outlet,  10,  for  the  oil  vapours  is  at  the  lower  and  less  heated 
end  of  the  retorts,  and  steam,  which  has  been  superheated  by  passage 
through  pipes  arranged  along  one  side  of  the  retort  chamber,  is  blown 
in  copiously  through  pipes,  14,  to  aid  in  the  uniform  heating  of  the 
shale  and  to  continuously  remove  the  oil  vapours,  dissociation  firom 
overheating  being  thus  minimised.  It  is  believed  that  a  temperature 
of  about  800*"  F.  produces  the  best  results. 

The  system  patented  jointly  by  Young  and  Beilby  ^  was  the  outcome 
of  independent  patents  taken  out  by  these  inventors.^ 

In  this  system,  the  ^^Pentlazid"  composite  retort  (Fig.  142), 
which  has  an  upper  part.  A,  Al,  of  iron,  and  a  lower  part,  A2, 
of  firebrick,  is  employed.  The  retorts  are  arranged  back  to  back,  and 
80  to  100  in  a  bench,  in  gproups  of  four,  each  group  being  surmounted 
by  a  large  casting,  A6,  known  as  a  '^  jumbo,"  which  has  four  lids  for 
filling,  and  a  pipe  for  carrying  away  the  gases  to  the  main.  This 
casing  or  hopper  contains  sufficient  shale  to  charge  the  four  retortc 
At  the  lower  end,  each  retort  is  closed  by  a  faced  mouthpiece  and  steel 
door. 

Heat  is  supplied  by  a  gas  producer  (Fig.  143),  consisting  of  a  brick 
retort,  B2,  closed  above  by  a  door,  B6,  and  having  an  exit  pipe,  B4, 
communicating  with  a  main,  B5,  passing  to  the  condensers.  The 
retort  terminates  below  in  an  ordinary  fireplace  and  ashpit  with 
regulating  doors  and  dampers.  The  retort  is  filled  with  small  coal  or 
''dross,"  and,  as  its  upper  part  is  kept  at  a  red  heat  by  the  fire  gases 
which  pass  through  flues  around  it,  the  coal  there  is  distilled,  and  the 
gas  and  vapour  evolved  pass  through  the  exit  pipe  to  the  condensers. 

As  the  coke,  which  is  thus  formed,  descends  in  the  retort,  it  meets  a 
current  of  steam  from  a  superheater,  S,  and  is  partly  decomposed,  with 
production  of  water-gas  and  ammonia,  which  pass  ofi*  with  the  other 

*  Patents,  Ko.  1,377,  1882,  and  No.  5,084,  1882. 

3  See  patents  of  Young,  No.  1,578,  1880,  and  No.  1,587,  1881 ;  and  of  Beilby, 
Not.  2,169  and  4,284,  1881. 
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volatile  products.  The  unburned  coke  which  finally  reaches  ths 
fireburs,  is  burned  to  carbon  monoxide  bj  a  carefully  regulated  air 
current,  and  the  producer  gas  ho  obtained  is  led  awaj  bj  ports  at  the 
lower  end  of  the  retort,  and  is  burned  in  the  flues  surroanding  Hm 
shale  retorts.  The  water  gas  produced  is  also  burned  aroimd  these 
retorts  after  its  condensable  constituents  have  been  removed.  The 
gas  from  the  shale  distillation  is  almost  invariably  used  as  fuel  by 
admitting  it  from  a  main,  0,  so  that  it  is  burned  in  flues,  F6,  hj 


Fig  U2. 


Fig.  lis. 


air  supplied  in  regulated  amount  through  pipes,  F2,  where  it  becomes 
heated  by  the  flue  gases,  before  admixture  with  the  gas.  For  each 
eight  shale  retorts,  there  are  two  retorts,  B2.  The  iron  upper  part 
of  the  shale  retorts  is  heated  to  dull  redness,  and  the  lower  fire-briok 
portion  to  a  bright  red  heat 

In  commencing  distillation  of  the  shale,  the  lower  portion  of  the 
retort  is  first  heated  and  filled  with  spent  shale,  after  which  the  upper 
portion  is  charged  with  the  raw  shale  to  the  hopper.     Steam  is  then 


J>J?ir   IJfnio   Form). 


DISTILLING   SHALE*  423 

passed  into  the  lower  part  of  the  retort,  about  2  feet  from  the  bottom, 
and,  becoming  superheated  in  traversing  the  red-hot,  spent  shale, 
passes  through  the  raw  material,  which  is  further  heated,  externallj, 
by  the  flue  gases,  as  already  described.  The  steam-suppljing  arrange- 
ments are  shown  at  S  to  S8.  The  steam  and  distillation  products  are 
drawn  off  by  a  Baker's  or  other  exhauster,  to  the  condensers,  through 
a  main,  A5.  The  charge  in  the  retort  gradually  passes  downwards 
owing  to  the  periodical  removal  of  spent  shale  below,  fresh  shale  being 
at  the  same  time  introduced  through  the  hoppers,  and  the  descent 
being  so  regulated,  that  no  shale  containing  oil  passes  into  the  fireclay 
portion  of  the  retort.  The  shale  in  this  portion,  however,  still  con- 
tains nitrogen,  most  of  which  it  yields  up  to  the  steam  in  the  form  of 
ammonia,  so  that  a  large  increase  of  the  production  of  sulphate  of 
ammonia  results.  Each  retort  holds  about  30  cwts.,  and  about  twenty- 
four  hours  is  occupied  in  the  passage  of  the  shale  from  the  top  to  the 
bottom.  A  fresh  charge  of  8  cwts.  is  put  in  at  the  top,  and  a  corre- 
sponding proportion  of  the  spent  shale  removed  below,  every  six  hours. 
£ach  bench  of  eighty  retorts  distils  from  100  to  120  tons  of  shale  every 
twenty-four  hours,  with  a  consumption  of  from  1  to  3  cwts.  of  coal  per 
ton  of  shale.  The  quantity  of  steam  required  varies  with  the  character 
of  the  shale,  and  is  equivalent  to  80  to  120  gallons  of  water  per  ton. 

A  modification  of  the  Young  and  Beilby  retort,  designed  by  Messrs* 
J.  &  H.  Armour,  is  described  in  a  paper  by  Mr.  F.  J.  Rowan,  "  On  the 
Physical  Conditions  existing  in  ShaJe-distilling  Retorts."  ^  This  retort 
was  in  use  at  the  works  of  the  Hermand  Oil  Company,  but  the  works 
have  been  pulled  down. 

The  new  Henderson  retort^  now  in  use  by  the  Broxburn  Oil 
Company,  and  by  this  company  only,  is  also  a  modification  of  that  of 
Young  and  Beilby,  and,  in  common  with  the  latter,  is  worked  on 
the  continuous  system,  while  the  old  Henderson  retort,  already 
described,  was  worked  on  the  intermittent  principle.  The  following 
is  a  description  of  the  new  retort : — 

"The  object  of  this  improved  retort  is  to  get  a  larger  yield  of  Bolphate  of 
ammonia  without  deteriorating  the  quantity  and  quality  of  the  crude  ou.  The 
retorts  are  vertical,  28  feet  long.  In  the  upper  cast-iron  portion  of  the  retort,  A 
(Plate  XIV. ),  the  oil  is  first  distilled  off  the  shale  at  a  temperature  of  about  9O0''F. 
The  spent  shale  is  then  passed  downwards  into  the  brick  portion  of  the  retort,  B, 
which  is  kept  at  a  constant  temperature  of  about  1,300°  F.  The  shale,  in  passing 
down  through  the  retort,  is  kept  in  constant  motion  by  a  roller,  C,  at  the  bottom, 
which  delivers  it  into  a  hopper,  D,  below,  at  the  required  rate.  This  continuous 
motion  largely  increases  the  yield  of  ammonia  and  permanent  gases  from  the  car- 
bon of  the  shale ;  it  also  regulates  the  working  of  the  quantity  of  shale  to  be  put 
through,  and  prevents  the  exhausted  material  from  fusing  and  sticking  in  the 
retort  under  the  high  temperature.  Steam  is  passed  into  the  spent  shale,  and  is 
thus  superheated  ^fore  entering  the  retort.  All  the  products  of  distillation  are 
drawn  off  the  top  of  the  retorts  through  the  branch  pipe,  E. 

*'  The  retorts  are  heated  with  gas  made  from  cuross  coal  in  gas  producers, 
and  introduced  at  the  ports,  F.  The  incondensable  gases  are  also  returned  to  the 
heating  chambers,  and  mixed  with  the  producer  gas,  to  assist  in  heating  the 
retorts. 


1  Journ.  8o€.  Chem,  Ind.,  x.  (I89I),  439.  *  Patent,  No.  6,726,  1889. 
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'*  On  the  tops  of  the  retorts  are  fitted  large  malleable-iron  hoppers,  capable  of 
holding  about  eighteen  hours*  supply  of  the  raw  shale.  These  have  been  found  to 
be  of  great  advantage  in  the  reflrular  working,  in  dispensing  with  night  and  Sunday 
labour  in  breaking  shale  and  charging  retorts." 

ComparUon  of  Past  and  Present  Retorts^  as  worked  at  Brco^um. 

**  The  old  Henderson  patent  retort  of  1873  gave,  with  the  Broxburn  shale,  about 
31  gallons  crude  oil,  16  to  17  lbs.  of  sulphate  of  ammonia,  75  per  cent,  spent  shale 
containing  12  or  13  per  cent,  of  combustible  matter,  which  was  dropped  hot  into 
the  furnace  below  for  fuel,  and  about  2,000  cubic  feet  of  permanent  gas.  With  the 
present  retort,  after  extraction  of  the  crude  oil,  31  gallons  to  the  ton,  the  spent 
shale  passes  into  the  brick  retort  below,  to  be  act^  on  by  steam  at  a  high  tern- 
peratiu«.  This  gives,  for  fuel,  about  15,000  cubic  feet  of  gas,  similar  to  producer 
gas,  per  ton  of  shale,  and  the  sulphate  of  ammonia  is  increased  to  44  lbs.  per  ton. 
With  Drumshoreland  shale  at  the  Broxburn  Oil  Company's  Roman  Camp  Works, 
the  crude  oil  got  is  about  20  gallons  per  ton,  and  sulphate  of  ammonia  about 
72  lbs." 

Both  the  new  Henderson  retort  and  the  Hermand  retort  have  been 
held  to  be  infringements  of  the  patent  for  the  Young  and  Beilby 
retort,  and  royalty  has  been  paid  in  respect  to  the  first  named. 

The  retort  already  referred  to  as  being  under  trial  at  the  works  of 
the  Pumpherston  Oil  Company,  resembles  the  Young  and  Beilbj  retort 
in  generskl  principles,  but  is  of  much  greater  diameter  (about  3  feet  at 
the  widest  part,  thus  taking  a  charge  of  5  or  6  tons,  instead  of  about 
30  cwts.),  and  is  provided  with  a  novel  and  effective  arrangement  at 
the  base  for  controlling  the  discharge  of  the  spent  shal&  It  was 
patented  by  James  Bryson,  James  Jones,  and  William  Fraser.^ 

Condensation. — The  vapours  evolved  from  the  shale  amount  to 
about  3,000  cubic  feet  per  ton.  They  are  passed  through  a  series  of 
70  to  100  vertical  4-inch  pipes,  the  lower  ends  of  which  are  fitted  into 
a  chest,  and  about  one-third  is  condensed.  The  condensed  liquor, 
consisting  of  about  75  per  cent,  of  ammoniacal  liquor  and  25  per  cent, 
of  oil,  flows  into  a  tank,  and  after  spontaneous  separation,  the  two 
products  are  pumped  away  separately  for  further  treatment.  Part  of 
the  uncondensed  gas  is  in  some  cases  purified  and  used  for  illuminating 
purposes.  It  is  of  about  25-candle  power.  The  remainder  is  used  as 
fuel,  usually  after  further  treatment  by  compression  or  scrubbing  to 
remove  the  whole  of  the  condensable  vapours. 

The  scrubbing  process  consists  in  passing  the  gas  through  a  series 
of  coke  towers  in  which  it  is  exposed  to  streams  of  oil  and  water,  the 
volatile  hydrocarbons  being  removed  by  the  oil,  and  the  ammonia  by 
the  water.  Usually  there  are  three  towers,  the  first  of  the  series  for 
oil  and  the  two  others  for  water.  Intermediate  oil  of  a  specific  gravity 
of  0*856  is  commonly  employed,  and  this  so  completely  absorbs  the 
light  hydrocarbons  that  the  illuminating  power  of  the  gas  is  reduced 
to  about  half  a  candle.  The  hydrocarbons  are  recovered  from  the  oil 
by  distillation,  about  2  gallons  of  '*  gasoline ''  per  ton  of  shale  being 
thus  obtained.  The  water  scrubbing  yields  about  3  lbs.  of  sulphate 
of  ammonia  per  ton. 

In  the  compression  process  which  was  introduced  by  the  late 

^  English  patent,  No.  8,371,  1894. 
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Mr.  J.  Coleman,  the  gas  is  drawn 
from  the  condensers  by  two  doable- 
acting  pnmps,  and,  after  being 
compressed  to  100  or  120  lbs.  per 
square  inch,  is  forced  through 
three  tabular  condensers,  the  first 
two  of  which  are  cooled  by  water, 
while  the  third  is  cooled  to  40*"  or 
50*  below  zero  Fahrenheit  by  the 
expansion  of  the  uncondensed  gas. 
By  this  process,  about  l^  gallon  of 
gasoline  is  obtained  per  1,000  feet, 
at  a  cost  of  2^d.  per  gallon.  It 
is  found  to  be  much  more  ex- 
pensive, and  is  therefore  less  used 
than  "  scrubbing." 

From  the  ammoniaoal  liquor, 
the  ammonia  is  driven  off  by  the 
application  of  heat  in  stills,  the 
•evolved  vapour  being  conducted 
into  "cracker  boxes,"  which  iire 
now  usually  of  circular  form,  and 
about  5  feet  in  diameter  and  depth. 
In  these  boxes,  the  ammonia  is 
brought  into  contact  with  sulphuric 
acid  of  about  50*"  Tw.  in  strength, 
and  is  thus  converted  into  sulphate. 
Wilton's  form  of  cracker  box, 
which  is  now  generally  in  use,  is 
provided  with  an  arrangement  for 
the  automatic  discharge  on  to  a 
drying  table,  of  the  sulphate  of 
ammonia  as  it  is  deposited  in  the 
well  of  the  box,  and  the  process 
is  worked  continuously. 

For  the  treatment  of  the 
ammoniacal  liquor,  the  ordinary 
horizontal  boiler  stills  formerly 
used  have  been  superseded  by 
^'column"  stills,  in  which  the 
liquor  is  exposed,  over  a  large 
area,  as  it  passes  from  top  to 
bottom  of  the  still,  to  the  action 
of  a  current  of  steam. 

In  Henderson's  still  (Fig.  144), 
patented  in  1885,  No.  15,836,  the 
ammoniacal  liquor  is  admitted  at 
8  into  an  annular,  open -topped 
channel,  10a.     It  runs  round  this 
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channel,  descends  through  a  pipe,  12,  into  a  similar  channel,  106, 
travels  over  horizontal  diaphragms,  12a  to  13^*,  and  in  this  manner 
descends  from  the  top  to  the  bottom  of  the  still,  f^h  of  these 
diaphragms  consists  of  an  outer  annulus  and  an  inner  removable 
disc,  between  which  is  thus  formed  an  annular  opening,  15,  and 
upon  this  is  placed  an  annular  cap,  17,  dipping  into  the  annulus  and 
the  inner  disc.  The  sides  of  the  cap,  17,  are  notched  below  to 
within  half  an  inch  of  the  working  level  of  the  ammoniacal  liquor. 
The  outer  and  inner  parts  of  each  diaphragm  communicate  at  one 
place,  where  the  continuity  of  the  opening,  15,  is  broken. 

Steam  admitted  by  a  perforated  pipe,  22,  impinges  upon  the  lower 
cap,  17,  and  passes  upwards  at  every  notch  in  the  cap,  through  the 
liquid  and  through  the  openings,  15,  and  finally  escapes  at  7,  with  the 
ammonia  vapour,  to  the  "cracker  boxes."  The  tubes,  12,  are  arranged 
alternately  on  the  outer  and  inner  parts  of  the  diaphragms,  13a  to  13^, 
so  that  the  liquor  is  compelled  to  traverse  a  large  area  before  it  is 
drawn  away  exhausted  at  9. 

It  is  stated  that,  owing  to  the  perfect  circulation  of  the  liquid  and 
to  the  innumerable  points  at  which  the  steam  passes  through  and 
agitates  it,  no  less  than  45,000  to  50,000  gallons  of  ammoniacal  liquor 
can  be  treated  in  a  single  still,  per  day,  against  about  3,000  to  4,000 
gallons  in  the  old  form  of  still.  Three  steam  boilers  also  do  the  work 
which  formerly  needed  six. 

The  importance  of  the  ammonium  sulphate  to  the  manufacturers  of 
shale  oil  is  shown  by  the  fact  that  in  1891  no  less  than  26,600  tons  of 
ammonium  sulphate  was  obtained  from  shale  in  the  United  Kingdom^ 
the  amounts  for  1890  and  1889  being  24,730  and  23,953  tons  respeo- 
tively.^ 

Crude  shale  oil  is  of  dark  green  colour,  has  a  specific  gravity  of 
0*860  to  0*890,  and,  as  at  present  manufactured,  with  the  newer  forms 
of  retorts,  has  a  setting  point  of  about  90"*  F.  It  contains  from  70  to 
80  per  cent,  of  members  of  the  parafiin  and  olefine  series,  together 
with  alkaloidal  bases  of  the  pyridine  series  and  some  cresols  and 
phenols.  Beilby^  states  that  average  Scotch  shale  oil  contains  from 
1*16  to  1*45  per  cent,  of  nitrogen,  mainly  removable  by  sulphuric  acid 
of  specific  gravity  1*220,  and  mostly  remaining  in  the  pitchy  residues 
left  on  distillation.  The  lightest  distillate,  known  as  naphtha,  contains 
from  60  to  70  per  cent,  of  defines  and  other  hydrocarbons  acted  upon 
by  fuming  nitric  acid,  and  the  lubricating  oils  consist  mainly  of 
olefines.  The  paraffin  wax  mainly  distils  over  with  the  oil  of  specific 
gravity  above  0*840. 

In  the  refining  of  crude  shale  oil,  the  greatest  care  is  exercised  to 
prevent  dissociation  of  the  paraffin,  large  volumes  of  superheated  steam 
being  passed  into  the  still,  through  a  perforated  pipe,  at  a  pressure  of 
from  10  to  40  lbs.,  to  facilitate  distillation  at  the  lowest  possible  tem- 
perature. Under  the  old  system  of  intermittent  distillation,  which  is 
now  only  practised  at  the  works  of  Young's  Company,  stills  with  cast- 

'  S8th  Annual  Report  on  Alkali^  <kc.^  Wwhs  by  the  Chief  Inspector^  1892. 
^Journ.  Sac.  Chan.  Jnd,,  1891,  p.  120. 
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iron  bottoms  and  malleKble-iroo  upper  p&rta  &re  employed.  The  stills 
formerly  had  a  capacity  of  from  1,200  to  1,400  galloiui,  but  those  now 
made  usually  hold  from  2,000  bo  2,500  gallons.  Figs.  145  and  t4S 
represent  a  still  of  1,300  gallons  capacity  and  its  condenser.  Each 
BtUl  has  a  separate  water  condenser,  the  floir  of  water  being  so  regu- 
lated as  to  maintain  a  temperature  suited  to  the  nature  of  the  distillate. 
The  usual  condensing  surface  is  2:iO  feet  of  4-inch  pipe.  Before  the 
distillate  passes  to  the  receiver,  it  is  run  into  an  oblong  separator-box 
with  a  water  outlet  at  the  bottom  and  an  oil  outlet  higher  up.  In  this, 
the  water  resulting  from  the  condensation  of  the  steam,  separates  &om 
the  oil,  and  the  two  are  run  o£f  to  their  respective  tanks.  The  still  is 
first  heated  from  below  for  about  ten  or  twelve  hours,  or  until  the 
whole  of  the  water  has  been  expelled,  after  which,  steam  is  introduced 
in  fpradually  increasing   quantity  until,   when    the   heavier  oils  are 


Fig.  145.  Fig   U8 

coming  off,  the  distillate  is  accompanied  by  15  to  25  per  cent  of  water. 
The  oO  is  distilled  to  dryness,  the  time  occupied  m  running  a  2,9U0 
gallon  charge  being  altogether  from  twenty  to  twenty-four  hours,  and 
the  steam  is  not  shut  off  until  three  or  four  hours  alter  the  dislillatioa 
ceases.  The  stilt  is  then  allowed  to  coo!  for  twenty-four  hours,  and 
the  coke  is  removed  from  it.  The  coke  is  worth  from  fifteen  to  twenty 
shillings  per  ton,  and  represents,  in  the  case  of  the  best  crude  oils, 
about  4  or  5  per  cent,  of  the  oil,  but  in  the  case  of  less  pure  oil  or 
where  distillation  has  not  been  well  conducted,  may  amount  to  8  or  10 
per  cent.  To  prevent  explosion  arising  from  the  choking  of  the  con- 
denser pipes,  the  still  is  provided  with  a  safety  valve  in  communication 
with  a  pipe  through  which  the  distillate  escapes.    The  naphtha  (specific 

Swvity  0-740),  which  is  volatilised  during  the  first  stage  of  the  distil- 
tion,  is  collected  separately,  but  the  remainder  of  the  distillate  ia 
OBually  mn  into  one  tank  and  is  known  as  "  once-run  "  oil. 


J  "z 


;3 


CONTINUOUS   DISTILLATION.  429^ 

In  Henderson's  system  of  oontinuoiis  distillation^  patented  in 
1885,^  which  is  now  generally  employed,  there  is  a  primary  wagon 
still,  A  (Figs.  147  to  149),  connected  with  two  side  stills,  Bl,  B2,  which 
are  further  connected  with  pot-shaped  coking  stills,  CI,  C2,  03,  04« 
The  oil  having  been  heated  in  feed-heaters,  21,  by  the  gases  evolved* 
from  the  hottest  still,  is  passed  into  the  still.  A,  where  the  tempera- 
tore  is  so  regulated  as  to  drive  off  only  naphtha  of  about  0*760  specific: 
gravity. 

The  oil  is  continuously  drawn  off  from  the  back  of  the  still,  A,  into* 
the  backs  of  the  stills,  Bl,  B2,  where  the  temperature  is  sufficiently- 
high  to  distil  off  a  light  oil  of  specific  gravity  0*820  to  0*830.  From 
the  front  of  each  of  the  stills,  Bl,  B2,  the  oil  runs  into  one  of  the*, 
connected  pair  of  coking  stills.  The  coking  stills,  in  which  the  dis- 
tillation is  carried  to  diyness,  are  used  alternately,  so  as  to  admit  of 
the  removal  of  the  coke.  The  oil  enters  the  still.  A,  by  a  pipe,  9, 
which  just  dips  below  the  surface  of  the  oil,  while  it  is  supplied  to  the 
stills,  Bl,  B2,  by  horizontal  pipes,  10,  fixed  a  short  distance  above  the 
bottom,  and  delivering  the  oil  at  the  end  of  the  still  opposite  to  that 
at  which  they  enter. 

The  lateral  parts,  D,  of  the  stills  are  built  into  walls,  5,  to  protect 
them  from  the  fire  heat.  The  fire-grate,  F,  is  placed  low,  so  as  to  form 
a  combustion  chamber,  and  in  communication  with  this  there  are  flues, 
6,  7,  8. 

The  still.  A,  has  outlet  valves,  11,  to  the  external  piping,  12,  which 
has  branches,  13,  with  valves,  14,  to  the  feed  pipes,  10.  The  stills, 
Bl,  B2,  have  similar  pipes  and  valves,  15  to  18,  through  which  they 
discharge  into  the  coking  stills.  Rods,  19,  are  connected  with  safety 
stop  plugs  inside  the  stills,  and  internal  valves,  20,  are  connected  with 
the  feed  inlets.  Branch  pipes,  32,  connected  with  a  main,  and  having 
perforated  branches,  33,  are  provided  for  injecting  steam  into  the  stills. 

The  preliminary  heater  for  the  oil  consists  of  an  outer  cylinder,  21, 
a  pipe,  22,  conveying  vapour  from  the  still,  Bl  or  B2,  a  pipe,  23,  con- 
ducting the  vapour  to  a  condenser,  and  an  inner  cylinder,  24,  into  and 
from  which  the  oil  to  be  heated  travels  by  pipes,  26,  27,  the  latter 
passing  at  30  down  the  cylinder,  24.  Stop  cocks,  28,  29,  and  a  valve, 
31,  for  discharging  condensed  liquid  and  gas,  are  also  provided. 

As  the  more  volatile  constituents  distil  off,  the  residue  sinks  to  the 
deep  sides  of  the  still  bottom  and  passes  thence  to  the  next  still  as 
described.  Thus,  the  distillation  requires  no  attention  beyond  regula- 
tion of  the  heat  and  changing  the  course  of  the  current  from  the  stills, 
Bl,  B2,  to  the  coking  still.  It  is  stated  that  with  one  such  set  of 
stills  as  much  work  can  be  done  as  was  formerly  accomplished  by  tlie 
use  of  thirty-two  separate  stills.  ! 

Sometimes  there  is  a  separate  primary  still.  A,  for  each  of  the  stillis, 
Bl,  B2,  and  another  still  between  these  and  the  coking  stills.  This 
is  particularly  desirable  when  a  large  quantity  of  oil  is  treated  ;  in  the 
third  stills  the  distillation  is  conducted  nearly  to  dryness  before  the 
residues  pass  to  the  coking  stills.    The  distillate  from  these  third  stills 

^No.  13,014. 
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baa  a  specific  gravity  of  0-870  to  0-880  and  containa  most  of  the 
paraffin.  On  the  other  hand,  where  only  small  quantities  of  oil  are 
treated,  the  stills,  Bl,  B2,  may  be  dispensed  with,  the  still,  A,  being 
connected  directly  with  the  coking  stills. 

In  a  oontinaooB  distillation  process  devised  by  MenitrB.  Yonng  and 
Beilby'  the  still  is  of  horizontal  cylindrical  form,  and  is  partitioned 
transversely,  a  series  of  separate  chambers  being  thua  formed  through 
which  the  oil  successively  parses.     Each  chamber  is  provided  with  a 

Eipe  leading  to  a  condetiser,  and  the  furnace  is  so  arranged  that  the 
eat  is  graduated,  one  end  of  the  still  being  much  hott«r  than  the 
other.  The  oil  enters  the  first  chamber  at  the  cool  end  of  the  still, 
and  the  residue  is  discharged  from  the  last  chamber  at  the  hot  end. 
This  syBtem  has  not  hitherto  been  put  into  practical  use. 

The  "once  run"  oil  usually  passes  through  three  distinct  stages 
of  chemical  treatment  and  distillation  before  it  in  marketable. 


im.mKn 


Fig.  150. 

The  agitators  in  which  it  is  treated  with  acid  and  alkali,  are  of 
various  forms,  and  vary  in  capacity  from  2,000  to  30,000  gallons. 
They  are  set  on  different  levels,  so  that,  afler  the  acid  treatment,  the 
oil  may  be  run  into  a  lower  agitator  for  treatment  with  alkali.  One 
form  consists  of  a  horizontal  cylinder  G  to  8  feet  in  diameter,  fitted 
with  a  shaft  carrying  paddles  which  revolve  between  fixed  discs. 
Another  form  consists  of  a  vertical  cylindrical  tank,  8  to  1 6  feet  in 
diameter,  with  egg-shaped  bottom,  in  which  the  agitation  is  elTecte<l 
hy  means  of  compressed  air. 

The  oil  is  treated  at  the  lowest  temperature  which  will  prevent 
separation  of  solid  paratBn — i.e.,  at  about  100°F. — a  temjieratnre  main- 
tained by  steam  coils.  The  sulphuric  acid  used,  may  either  be  fresh 
•cid  of  specific  gravity  1  720,  or  may  be  the  acid  tar  obtained  as  here- 
■  Patent  No,  6,094,  IS84. 
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after  described  in  the  treatment  of  another  distillate.  The  acid  ia 
usually  added  in  two  or  three  portions,  and  admixture  is  effected  by 
means  of  the  air  blast,  the  acid  tar  being  separated  after  eeych  addition. 

After  settling  for  at  least  four  or  five  hours,  the  oil  is  run  off  by 
gravitation  into  the  alkali  agitator,  where  it  is  treated  with  soda  lye 
of  1*3  specific  gravity  (60°  Tw.).  The  alkali  may,  like  the  acid,  be 
advantageously  added  in  successive  quantities,  the  treatment  com- 
mencing, in  some  cases,  with  the  use  of  a  little  alkali  of  as  low  a 
specific  gravity  as  10*"  Tw. 

During  the  acid  and  alkali  treatment,  from  26  to  30  per  cent.,  calcu- 
lated on  the  crude  oil,  is  lost. 

The  oil  is  next  fractionated,  either  by  the  intermittent  or  the  con- 
tinuous system.  Fig.  150  represents  a  still  for  the  former  system. 
It  is  heated  below  as  shown,  partly  by  coal  and  partly  by  tar  produced 
in  the  refining  operations. 

After  the  most  volatile  fractions  have  distilled  off,  steam  is  blown 
in  through  a  pipe  at  the  bottom  of  the  still.  In  many  cases,  the  dis- 
tillate, with  a  density  up  to  0*770,  constitutes  the  crude  naphtha,  and 
that  up  to  a  density  of  0*850,  the  burning  oil.  The  remainder  of  the 
distillate,  which  solidifies  at  common  temperatures,  consists  chiefly  of 
lubricating  oils  and  paraffin.  These  three  fractions  are  delivered 
from  the  condensers  into  separate  tanks. 

Although  the  crude-oil  stills  of  Henderson  may  be  applied  for  the 
continuous  distillation  of  the  once-run  or  other  oils  obtained  in  the 
process  of  re6ning,  the  inventor  prefers  another  form*  of  apparatus 
which  he  patented  in  1883  (No.  540). 

This  arrangement  (shown  in  Figs.  151  to  155)  comprises  a  set  of 
three  horizontal  cylindrical  stills,  each  7  feet  in  diameter  and  19  feet 
in  length,  and  each  fitted  with  an  outlet  pipe  in  the  bottom  at  one 
end.  At  the  same  end,  but  at  a  higher  level,  an  inlet  pipe  passes 
into  the  other  end  of  the  still,  so  that  the  inlet  and  discharge  are 
as  far  as  possible  apart.  The  vapours  from  each  still  rise  into  the 
usual  dome  or  vapour  chest,  24,  and  pass  thence  into  a  "feed-heater," 
26,  where  they  raise  the  temperature  of  the  oil  as  it  enters  the  still. 
The  oil  circulates  from  still  to  still,  as  in  the  Henderson  continuous 
system  already  described,  and  two  or  more  residue  stills,  one  of  which 
is  shown  at  41,  are  provided  to  receive  the  residues  from  the  third 
still,  one  being  used  while  the  other  is  being  cleaned  out. 

As  coking  takes  place  to  some  extent  in  the  third  still,  this  is  fitted 
with  plates  or  dishes,  42,  with  a  view  of  promoting  circulation  of  the 
oil,  and  preventing  the  adhesion  of  the  coke  to  the  bottom  of  the  stiU, 
the  carbonaceous  deposit  collecting  on  the  plates,  from  which  it  is 
readily  removed.  These  plates  extend  along  the  still,  and  the  lower 
portion  is  formed  with  a  curve,  as  shown,  corresponding  with  that  of 
the  still.  They  are  hinged  to  straps  riveted  to  the  sides  of  the  still, 
and  are  supported  by  feet  resting  on  the  still  bottom.  Chains  may  be 
attached  for  turning  up  the  plates  for  cleaning.^  The  oil  circulates 
under  the  plates,  up  the  sides  of  the  still,  and  back  towards  the 
^  The  author  ia  informed  that  these  plates  are  no  longer  used. 
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middle,  the  circulation  being  assisted  by  steam  jets  which  issue  from 
a  perforated  pipe,  46.  It  is  claimed  that  a  set  of  three  stills,  worked 
continuously  for  twelve  days,  will  treat  285,000  gallons  of  oil,  while 
under  the  old  system  only  126,000  gallons  could  be  treated  in  thij^ 
period  in  stills  of  the  same  capacity.  There  is  also  said  to  be  a  con- 
siderable saving  in  labour,  fuel,  and  repairs. 

The  following  is  a  detailed  description  of  the  various  parts  shown  in 
the  figures  ^151  to  155V 

Fig.  151  IS  a  back  eleyation  of  a  set  of  three  stills,  with  one  of  the 
residue  stills.  Fig.  152  is  a  front  elevation,  partly  in  section.  Figs.  153 
and  154  are  enlarged  longitudinal  and  transverse  vertical  sections  of 
the  third  still,  and  Fig.  155  is  an  enlarged  longitudinal  section  of 
one  of  the  feed-heaters.  The  same  numerals  apply  to  the  whole  of  the 
figures.  11,  12,  and  13,  stills;  14,  furnaces;  15,  lateral  openings,  for 
fire  gases;  16,  heating  chamber;  17,  lateral  fines;  18,  discharge  pipes 
from  stills ;  19,  inlet  pipe  to  stills  12  and  13  ;  20,  safety-plug  valves  to 
inlet  and  outlet  pipes ;  21,  rods  connected  with  the  valves  and  passing 
through  stuffing  boxes ;  22,  23,  external  stop-cocks ;  24,  domes  of  stills; 
25,  curved  branches  from  domes ;  26,  horizontal  vapour  pipes,  forming 
feed  heaters ;  27,  outlets  for  vapour ;  28,  vapour  pipes  to  condensers ; 
29,  inner  cylinders  of  feed  heaters  with  flanges,  30,  and  closing  plates, 
31 ;  32,  inlet  pipes  for  feed  oil ;  33,  outlet  pipes  for  feed  oil ;  34,  35, 
and  36,  pipes  conveying  heated  oil  to  stills ;  37,  delivery  pipe  into  still 
11 ;  38,  delivery  pipe  from  still  11  to  still  12  ;  39,  delivery  pipe  from 
StiU  12  to  still  13;  40,  delivery  pipe  from  still  13  to  residue  still  41 ;. 
42,  dishes  or  plates  (usually  applied  to  the  third  still)  for  promoting 
circulation  and  for  collecting  coke ;  43,  space  between  the  dishes ;  44, 
straps  or  hinges  of  dishes;  45,  feet  of  dishes  ;  46,  perforated  steam  pipe; 
47,  pipe,  which  may  be  used  as  a  feed-heater. 

The  burning  oil  is  next  twice  treated  with  0*5  to  0*75  per  cent,  of 
sulphuric  acid  of  168**  Tw.,  and  allowed  to  settle  for  twelve  to  eighteen 
hours,  the  acid  which  separates  being  utilised  in  treating  a  charge  of 
«  once  run  "  oil.  It  is  then  agitated  with  0*5  per  cent,  of  caustic  soda 
solution  of  7"  Tw.,  and  after  that  with  1  per  cent,  of  a  solution  of 
62*  Tw.  It  is  then  again  fractionally  distilled,  naphtha  being  collected 
up  to  0*760  specific  gravity,  burning  oil  up  to  0*840  to  0*850,  the  dis- 
tillate with  a  still  higher  density,  being  a  heavy  oil  which  yields  about 
10  per  cent,  of  soft  paraffin  scale.  The  residues  from  the  distillation 
are  redistilled,  and  yield  from  5  to  10  per  cent,  of  burning  oil,  and  a 
heavy  oil  from  which  soft  paraffin  is  obtained. 

The  final  chemical  purification  of  the  burning  oil  resembles  that  last 
described,  but  only  half  the  quantity  of  acid  is  employed.  The  char- 
acter of  the  fractionation  to  which  the  oil  is  subjected,  depends  upon 
the  practice  prevailing  at  the  refinery,  and  upon  the  requirements  of 
the  market.  In  some  cases  the  first  distillate,  up  to  0*790,  is  collected 
for  *' special "  burning  oil;  that  from  0*790  to  0*806  for  No.  1  burning 
oil;  and  that  from  0  806  to  0*820  for  No.  2  oil.  The  fraction  up  to 
0*825  is  mixed  with  No.  1  oil,  and  that  from  0*825  to  0*840  with  the 
special  oil.  From  0*840  upwards,  the  distillate  contains  a  small  pro- 
portion of  paraffin,  and  is  used  for  producing  "  marine  "  oil. 
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Crude  shale  o&phtha  includeB  the  crude  "gasoline,"  of  specific 
gravity  0-700  to  0-770,  obtained  from  the  shale  distillation,  and  the 
light  fractions  from  the  first  and  second  distillations  of  the  crude 
oil  It  is  re&iied  hy  agitation  with  0-1  to  0-2  per  cent,  of  sulphuric 
acid  for  fifteen  mmntes,  followed  by  a  similar  treatment  with  O'S  per 
cent,  of  add.  After  settling  for  twelve  hours,  the  tar  is  drawn  off 
and  the  naphtha  b  run  into  another  Tessel,  where  it  is  agitated 
with  1  per  cent  of  caustic  soda  solution  of  10°  Tw.,  after  which 
it  is  allowed  to  settle  for  twelve  hours  and  is  then  distilled. 
The  first  distillate  from  cmde  gasoline  (up  to  0-696  specific  gravity) 


Fig.  166. 


is  redistilled,  the  remainder  (about  0718  to  0-720  specific  gravity) 
being  classed  as  naphtha.  The  light  portion  yields  finished  gasoline 
of  0-640  to  0-660  specific  gravity.  Formerly  the  light  distillates  from 
the  firat  and  second  distillations  of  crude  oil  were  bo  fractionated  as  to 
yield  naphtha  of  0-720  to  0730  specific  gravity,  for  sale;  naphtha  of 
specific  gravity  0'750,  for  use  in  the  refinery  in  disaolving  paraffin 
scale;  and  naphtha  of  0'800  specific  gravity,  which  was  mixed  with  the 
burning  oils  before  the  third  rectification. 

At  one  time  paraffin  soale  was  produced  from   the  heavy  oils 
obtained  in  the  firat,  second,  and  third  distillations.     The  oil  result- 
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ing  from  the  first  distillation  yielded  hard  scale,  while  the  other  two, 
aa  also  the  oil  expressed  from  the  hard  scale,  yielded  soft  scale. 

The  heavy  oil  from  the  first  distillation  wu  nsnally  crystallised  in 
shallow  tanks,  in  which  it  wag  left  for  two  to  four  days,  accord- 
ing to  the  season,  and  the  semi-solid  mass  was  placed  in  filter  bags  in 
which  it  was  subjected  to  a  pressure  of  25  lbs.  per  square  inch,  in 
perforated  cylinders  5  feet  6  inches  in  diameter,  and  3  feet  high.  The 
separated  paraffin  was  again  compressed  between  iron  plates  at  a 
pressure  of  two  or  three  hundred  lbs.  per  inch,  and  being  thus  fiirther 
freed  from  oil,  was  set  aside  for  refining.  It  bad  a  melting  point  of 
about  125*  P. 


Fig.  157. 


Fig.  168. 


The  soft  scale  was  obtained  from  the  expressed  oil,  and  from  the 
other  heavy  oils  containing  it,  bj  refrigeration,  followed  by  treatment 
in  a  filter  press.  The  method  of  oooling  adopted  consisted  in  placing 
the  oil  in  trays,  into  which  dipped  slowly  revolving  drums  (Figs.  ICC 
to  158),  kept  at  a  low  temperature  by  the  passage  through  them  of 
cooled  brine,  or  preferably  calcium  chloride  solution,  as  having  less 
action  on  the  metal  of  which  the  drums  were  made.  The  oil  which 
adhered  to  the  drum  in  a  semi-solid  condition,  was  scraped  off  in  the 
manner  shown,  and  fell  into  a  receptacle  below.  As  this  arrangement 
did  not  cool  the  oil  effectively,  it  was  in  some  cases  replaced  by  a 


fixed  cflincter  (Fig.  159),  jacketed  bo  as  to  form  a  chamber  through, 
which  the  calcium  cUonde  solution  circuUted.  The  oooled  oil 
adhered  to  the  inside  of  the  cjUnder,  yraa  removed  byj  rerolvlng 
scrapers,  &nd  carried 
into  the  body  of  the 
liquid,  which  thus 
finally  attained 
throughout  the  tem- 
perature of  the  cool- 
ing medium. 

■■ng  the 


bri] 


,  the 


»th6 


a  of  Siddeley 
a  (JO.  have  been 
Ui^ly  used.  The 
ether  b  evaporated 
in  a  vacuum  of  25 
inches,  and  is  re- 
oondenaed  at  a  pres' 
sure  of  fi  to  7  lbs. 
per  square  inch.  The 
temperature  of  the 
brine  or  calcium 
chloride  solution  was 
reduced  to  about  10° 
or  15°  F.  With  the 
modem  refrigerating 
plant,  the  ammonia 
re&igentors  of  Pon- 
tifex  &  Wood  are 
usually  employed. 

Improved  apph-  * 

ances    were    intro-     ^  "I  inlet;  B,  ^kisK;  C,  cylinder,  ff'  thick;  D, 
duced     bv    £irk  apace  for  brmc;   E,  cylinder,  j'  thick;  F,  non* 

a       .  i_  i_  n    ■  1 1.    '  condnctinff  packiniz ;   G,  iron  casinir ;   H,  twine 

Southby,      Beilby,  i^i^.   i_  ^,^^  cwiug;    K,  ^W^ outlet;    L. 

Henderson,    and  ontlet  to  filter-press, 

others,  with  the  ob- 
ject of  rapidly  cooling  large  quantities  of  oil,  but  it  was  found  that 
their  use  resulted  in  the  production  of  small  crystals  of  paraffin  from 
which  the  separation  of  the  oil,  especially  in  the  case  of  the  mosb 
viscous  oils,  was  difficult  and  imperfect.  The  most  modem  improve- 
ments aim  at  the  production  of  the  largest  crystals  by  stow  cooling  of 
the  oil  in  bulk,  and  the  inventions  of  Beilby  and  of  Henderson  will 
bedescribed,  as  typical  of  these  improvements  and  as  being  in  actual  use. 

Beilby'a  process'  was  devised  for  the  treatment  of  some  very 
viscous  oils  at  the  Oakbank  works,  and  is  not  in  use  at  any  other  of 
the  Scottish  shale  oil  works.  The  apparatus  comprises  a  series  of 
13 ;  also  Patent  Specification 
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reoUDguUr  cells,  «&ch  16  feet  long,  8  feet  deep,  and  about  1  foot  wide, 
the  width  at  the  bottom  being  somewhat  greater  than  at  the  top.  The 
celts  Are  arranged  in  sets  of  about  ten,  with  intermediate  cells  through 
which  cold  brine  or  cold  air  circulates,  and  the  apparatus  is  placed  in 
a  cooling-house  in  which  the  temperature  is  maintained  at  about  the 
freezing  point  of  water.  The  exposed  ends  of  the  brine  cells  have 
a  snr&ce  of  about  1,600  square  feet,  and  it  is  this  which  cools  the 
«ir  in  the  houae. 


■  .       1 '  M       j"ri 
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Hli       1 
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Fig.  16a 


The  oil  has  to  remain  in  the  cells  for  three  days  before  it  is 
-sufficiently  cooled,  the  cooling  medium  being  brine  at  10*  F.,  and  the 
temperature  of  the  oil  being  redut^  from  about  100°  F.  to  15*  F. 
When  cold  air  is  employed,  a  longer  time  is  occupied  in  the  cooling. 
The  oil  is  thus  frozen  to  a  solid  block  which,  owing  to  the  tapered 
form  of  the  cells,  rests  upon  an  archimedoan  screw,  1  foot  in  diameter, 
passing  from  end  to  end  of  the  cell.  The  screws  are  worked  by  worm 
gearing,  so  that  the  frozen  oil  is  sheared  away  as  it  gradually  descends 
by  its  own  weight  upon  the  screw,  and  is  discharged  through  a  sluice 
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v&lve  aX  the  end  brthest  from  the  gearing.  The  gronnd-ap  mass  ia 
pMsed  through  horizontal  filter  preBses  arranged  beneath  the  cells,  and 
the  solid  parafBn  is  thas  separated  from  the  oil  A  pressure  of  2^  tons 
per  square  inch  is  employed. 


It  has  been  found  that  when  the  screw  makes  36  revolutions  per 
hour,  it  dischargea  about  60  to  SO  gallons  of  the  mashed  paraffin  in  the 
hour,  and  in  one  test  experiment,  it  was  found  that  when  the  frozen  oil 
was  at  32°  F.,  a  pressure  of  3  tons  on  the  pitch-line  of  a  12-inch  irorm 
wheel  was  required  to  start  the  screw  moving  in  the  midst  of  the  mass. 
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The  crystallisation  of  the  paraffin  is  so  perfect  that  the  separation  of 
the  oil  is  comparatively  easy,  and  the  filter  presses  are  now  filled  every 
three  hours  instead  of  every  eighteen  or  twenty-four  hours  as  in  the 
old  drum-cooling  process.  An  important  feature  in  this  process  is  that 
the  oil  is  expelled  from  the  filter  presses  at  almost  the  same  tempera- 
ture as  the  mashed  paraffin  enters  them,  the  difference  in  temperature 
being  only  about  1°  F.,  while  in  the  old  drum  system  this  difierence 
often  amounted  to  26°  F.  Thus  a  harder  scale  is  produced  and  less 
paraffin  is  carried  away  in  the  expressed  oil. 

At  the  Oakbank  works,  an  increase  of  about  25  per  cent,  in  the 
yield  of  paraffin  resulted  &om  the  introduction  of  this  apparatus. 
This  is  partly  due  to  the  low  temperature  obtained,  and  partly  to 
modifications  ia  the  refining  processes  made  possible  by  the  better 
crystallisation.  The  scale  has  an  average  melting  point  of  112°  F., 
and  on  being  refined,  yields  74  per  cent,  of  wax  melting  at  120°  F., 
11  per  cent,  of  scale  melting  at  90*  F.,  and  15  per  cent  of  oil  and 
unirecovered  soft  scale. 

Henderson's  cooler  {Figs.  160  to  162),  patented  in  1884,  No.  9,557, 
consists  of  a  jacketed  trough  having  a  curved  bottom  and  divided 
into  a  series  of  transverse  casings  by 
metal  discs,  17,  each  consisting  of  two 
thin  plates  bolted  together,  but  with 
a  space  between,  in  which,  as  also  in 
the  jacket  surrounding  tjie  trough, 
cold  brine  is  circulatpd.  The  paraffin 
crystallises  ou  the  cold  sur&ces,  from 
which  it  is  constantly  removed  by 
scrapers,  30,  so  that  successive  portions 
of  the  oil  are  cooled.  The  sold  paraffin 
accumulates  in  a  well  or  channel,  36, 
where  it  is  stirred  up  by  rotary  arms, 
so  that  it  may  be  readily  flrawn  away 
by  a  pump  to  the  filter  press.  The 
following  is  a  description  of  the  principal  parts  of  the  apparatus  : — 

11,  Vertical  wrought-iron  end  pUtea  of  outer  shell  of  troagb. 

12,  13,  Flanged  cut-iron  aide  ptales  of  ume. 
14,  15,  Bottom  plates  of  eiuat. 

16,  lDD«r  shell  of  sheet  iron. 

17,  Discs  of  thin  metal,  riveted  on  a  tmne   18,  forming 

SO,  Shaft  carrying  scraper- snnt. 

21,  Bar  to  divide  the  upper  part  of  space  between  discs,  and  thus 
circnlation  of  cooling  fluid. 

25,  Inlet  pipes  for  cooling  tlaid. 

23,  Outlet  jiipea  for  cooling  fluid. 

24,  25,  Projections  to  hold  IT  and  18  in  poaitton. 

26,  Cast-iron  frames,  in  which  sockets  are  formed  to  receive  25. 

27,  Staffing  box  for  shaft. 

28,  PUtes  covering  slots. 
20,  Bearing  piece. 

30,  Scraper  arms. 

31,  Cap  to  fix  scraper  arm  to  shaft. 


Fig.  162. 
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32;  Scrapers. 

33,  34,  Scraper  IngB. 

35,  Helical  springs  to  press  the  outer  scraping  edges  against  the  discs,  !?• 

36,  Channel  into  which  the  congealed  paraffin  descends. 

37,  Lower  shaft  passing  oat  through  staffing  box,  38,  and  carrying  blades  on 
arms,  39. 

40,  Discharge  pipe. 

The  crude  paraffin  may  be  refined  either  by  repeated  crystallisation 
from  naphtha  or  by  "  sweating/'  and  either  treatment  may  be  followed 
by  decolorisation  with  animal  charcoal. 

In  the  naphtha  treatment,  which  has  now  given  place  almost 
entirely  to  the  **  sweating  "  process,  the  oily  matters  are  removed  by 
dissolving  the  paraffin  in  naphtha  and  allowing  it  to  crystallise  out. 
This  operation  is  conducted  three  times,  the  naphtha  being  added  to 
the  melted  scale,  and  as  much  as  25  per  cent,  of  naphtha  being  used  in 
the  third  treatment.  The  paraffin  is  re-crystallised  by  passiug  the 
solution  over  a  drum  cooled  with  water,  or  placing  it  in  shallow  tanks.. 
It  is  then  subjected  to  a  pressure  of  2  to  3  cwts.  per  square  inch 
between  layers  of  canvas.  The  expressed  liquid  contains  the  naphtha,, 
the  heavy  oil,  and  part  of  the  softer  scale.  The  liquid  from  the  third 
treatment  is  used  for  the  second  treatment  of  a  fresh  batch,  and  that 
from  the  second  for  the  first,  after  which  it  is  distilled  to  recover  the 
naphtha.  The  loss  of  naphtha  is  about  150  to  !200  gallons  per  ton  of 
paraffin  refined.  The  paraffin  is  freed  from  the  adherent  naphtha  by 
being  melted  in  a  closed  iron  vessel,  where  it  is  exposed  to  a  current  of 
steam,  at  20  lbs.  pressure,  for  forty-eight  to  sixty  hours,  the  steam 
being  passed  for  the  first  three  hours  through  a  condenser  to  recover 
the  greater  part  of  the  naphtha. 

The  paraffin  is  finally  decolorised  by  agitation  for  one  and  a-half 
hours  with  finely-powdered  dry  animal  charcoal,  in  pans,  with  a  hori- 
zontal mixer.  A^s  the  charcoal  varies  considerably  in  quality,  the 
amount  used  ranges  from  1^  to  6  per  cent  by  weight.  The  charcoal 
is  mainly  separated  by  subsidence,  and  the  paraffin  drawn  off  into 
filters,  whence,  freed  from  the  suspended  charcoal,  it  runs  into  moulds, 
and  is  thus  formed  into  cakes  of  suitable  size  for  packing.  An  account 
of  the  processes  adopted  in  the  decolorising  of  paraffin,  has  been  given 
in  the  section  dealing  with  the  refining  of  petroleum. 

In  the  sweating  process,  naphtha  is  not  employed,  the  paraffin  being 
simply  exposed  to  such  a  temperature  that  the  softer  paraffin  is 
melted  and  runs  away,  together  with  the  oil.  In  carrying  out  the 
process,  the  crude  scale  is  melted  and  heated  to  170*"  to  180**  F.,  in 
order  that  water  and  other  impurities  may  be  deposited,  after  which 
it  is  run  into  pans  of  1  to  2  gallons  capacity,  and  is  allowed  to 
solidify.  The  cakes  of  paraffin  are  then  placed  on  cocoa  fibre  mats  on 
slightly  inclined  shelves  in  ovens  which  are  heated  by  steam  pipes  to 
about  30"  F.  below  the  melting  point  which  the  finished  product  is 
required  to  have.  The  fused  portion,  which  runs  out,  is  again  treated 
in  the  same  way  and  sweated  at  a  lower  temperature,  and  the  drain- 
ings  from  it  are  cooled  and  pressed  to  obtain  oil  and  scale,  the  latter 
being  either  worked  up  with  the  crude  scale  or  mixed  with  a  portion 
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of  the  intermediate  wax  to  increase  its  melting  point,  or  worked  up 
alone.  The  wax  is  finally  treated  with  animal  charcoal  as  already 
described. 

In  1886,  Messrs.  R.  Tervet  and  F.  Alison  patented  a  cooling  and 
sweating  arrangement  for  treating  paraffin  in  large  quantities.^  It 
comprises  a  cooling  and  a  sweating  chamber,  each  formed  in  three 
sections,  so  that  three  qualities  of  wax  may  be  treated.  Each  section 
of  the  cooling  or  outer  chamber  has  on  both  sides  of  it  twenty  enamelled 
cast-iron  pans,  20  to  30  feet  in  length,  30  inches  in  width,  and  2  inches 
|n  depth.  These  pans  contain  sheets  of  canvas,  and  are  filled  with 
melted  paraffin,  which  solidifies  in  them. 

The  sweating  or  inner  chamber  has  twenty  corrugated  steel  plate 
shelves,  corresponding  in  length  and  position  with  the  cooling  pans, 
and  slightly  inclined  towards  gutters  which  receive  the  drainings. 
The  sweating  chamber  is  maintained  at  the  required  temperature  by 
steam  pipes.  By  means  of  a  hand-winch  at  the  end  of  each  section, 
the  canvas  cloths  are  drawn,  with  the  paraffin  upon  them,  into  the 
sweating  chamber,  where  they  are  slowly  passed  over  the  corrugated 
plates.  The  cake  cracks  and  parts  freely  with  the  oil  and  soft  paraffin. 
By  means  of  the  winch,  the  cakes  are  finally  drawn  from  the  sweating 
chamber  and  delivered  into  a  boiler,  where  they  are  melted.  From 
this  vessel  the  fiuid  paraffin  is  blown  by  steam  into  the  ''charcoalisers.'' 

Mr.  Tervet  has  patented  another  sweating  apparatus,^  in  which,  it  is 
said,  a  first-class  wax  can  be  obtained  from  crude  scale  in  one  operation. 
The  blocks  of  paraffin  are  first  formed  in  coolers  made  slightly  wider  at 
the  bottom,  and  are  then  allowed  to  descend  into  sweating  cells  which 
are  arranged  at  such  a  distance  below  the  coolers  that  the  blocks 
enter  them  before  wholly  leaving  the  coolers. 

The  sweating  cells  are  composed  of  wire  netting  or  perforated  metal, 
and  are  lined  with  coarse  woollen  cloth.  As  sweating  proceeds,  the 
separated  oil  runs  into  channels  at  the  bottom  of  the  cells.  In  order 
that  the  process  may  be  carried  out  continuously,  two  or  more  sweat- 
ing cells  are  arranged,  one  beneath  the  other,  and  arrangements  for 
regulating  the  temperature  around  each  are  provided.  The  paraffin 
blocks  pass  from  cell  to  cell,  losing  the  greater  part  of  their  impurities 
in  the  first,  the  soft  and  intermediate  paraffins  in  the  second,  and  a 
further  portion  of  harder  paraffin  in  the  third,  if  that  is  employed. 
The  blocks  may  be  3  feet  broad  by  6  feet  long,  and  arrangements  are 
provided  for  retaining  them  in  the  cells  until  it  is  desired  to  allow 
them  to  descend  into  those  below. 

It  is  stated  that  such  a  three -cell  arrangement  may  be  charged 
every  four  hours,  and  that  commencing  with  a  scale  melting  at 
112"*  to  114**  F.,  a  wax  is  obtained  melting  at  126' F.  In  this 
process,  the  material  is  subjected  to  successive  sweatings  without 
melting  and  recrystallising  after  each,  and  in  that  respect  it  difiers 
from  the  ordinary  method  of  **  sweating,"  but,  as  far  as  the  author  is 
aware,  neither  this  nor  the  jointly  patented  method  previously  de- 
acribed  has  ever  been  successfully  put  into  practical  operation  in  a 
refinery. 

1  No.  8,760,  1886.  >  No.  4, 1887. 
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In  tlie  sweating  prooess  patented  bj  Mr.  Henderaon,'  uid  now 
verj  largely  and  succesBfiilly  employed,  a  chamber,  B  (FigB.  163  to 
166),  about  52  feet  by  13  feet  by  10  feet  high,  baring  steam  pipes, 
A,  for  heating  it,  and  large  doorB  and  ventilators  which  may  be  opened 
for  cooling  it,  is  fitted  with  a  namber  of  superimposed  horizontal  traya, 
D,  about  21  feet  by  6  feet,  and  6  inches  deep,  resting  on  tranaverae 
heating  pipes,  C,  fitted  in  vertical  standards,  R  Each  tray  is  provided 
with  a  horizontal  diaphragm  or  strainer  of  wire  gauze,  of  abont  16 
neihes  to  the  inch.  These  diaphragms  are  fixed  with  bolts  to  the 
ends  of  the  trays,  and  rest  on  cross  bars.  The  bottoms  of  the  trays 
oommunicate  with  short  pipes  with  swivel  nozzles,  J,  constmcted  to 
work  with  worm  wheels  on  a  vertical  shaft,  E,  this  arrangement 
allowing  all  the  swivel  nozzles  from  the  bottoms  of  the  trays  to  be 
timed  at  once.    Before  charging  the  trays,  the  diaphragms  are  covered 


Pig.  16S. 
with  about  half  an  inch  of  water  from  the  small  cocks  on  the  charging 
pipes,  N,  which  prevents  the  melted  wax  from  running  through  the 
diaphragms.  The  crude,  solid  paraffin  from  the  filter  presses,  after 
being  melted  in  a  tank,  is  pumped  direct  through  the  vertical  charg- 
ing pipes,  and  through  the  small  cocks  on  to  the  sar&ce  of  the  water, 
to  fill  the  trays,  and  when  it  has  solidified,  the  water  is  run  off,  the 
oake  of  paraffin  then  resting  on  the  ganze,  and  the  doors  and  venti- 
lators are  closed. 

The  stove  is  then  heated  for  a  considerable  time  to  80°  F.,  and, 
finally,  to  the  temperature  at  which  the  sweating  is  to  take  place,  and 
tJie  liquefied'  impurities  are  druned  off  until  the  outflowing  paraffin 
sets  on  a  thermometer  bulb  at  130*  F.  The  various  liquids  separated 
in  the  refining  of  the  wax,  are  drawn  off  through  the  swivelling 
noulea  into  cups  or  hoppers  on  the  standard  pipes,  L,  which  lead 
'  No.  1,291,  1B87  ;  uid  No.  11,799,  IWl. 
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them  into  horizontal  pipes,  M,  through  which  they  pass  to  suitable 
receivers  for  collecting  the  various  qualities  of  products.  When  the 
sweating  is  completed,  the  remaining  wax  is  melted  bj  increasing  the 
temperature,  and  run  off  through  the  same  outlets  into  a  tank,  whence 
it  is  pumped  for  treatment  with  charcoal  as  usual.  Arrangements 
are  provided  at  the  ends  of  the  horizontal  pipes,  M,  for  conducting  the 
various  products  into  their  receptacles.  The  stoves  are  built  of  brick, 
and  have  double  doors  of  iron  and  wood,  with  sawdust  between.  Each 
stove  is  fitted  with  two  sets  of  nine  pans  each,  and  will  take  from  two 
and  a-half  to  three  charges  of  14  tons  each  per  week,  according  to 
circumstances. 

Mr.  Sterry  has  patented  a  process  for  removing  the  oil  from  paraffin 
scale  by  kneading  in  a  weak  alkaline  soap  solution,  at  a  tempera- 
ture about  10*"  below  the  melting  point.  A  similar  process  was 
patented  in  1871  (No.  1,858)  by  Mr.  J.  Fordred. 

The  lubricating  oils  obtained  are  refined  by  the  use  of  sulphuric 
acid  and  alkali,  substantially  in  the  same  manner  as  the  burning  oils. 

The  following  table  shows  the  average  yield  of  the  various  com- 
mercial products  from  crude  shale  oil  at  two  of  the  principal  Scottish 
refineries.  The  percentages  are,  however,  often  varied  to  suit  market 
requirements : — 

TABLE  XUX.— Young's  Paraffin  Light  and  Mineral  Oil  Company. 


Percent. 

Gaaoline  and  naphtha,                  • 

• 

609 

Burning  oils, 

.            .            • 

• 

31  '84 

Intermediate  and 

heavy  oils,         • 

• 

2397 

Paraffin  scale, 

•                         •                        • 

Total, 

• 
• 

13-53 

.      76-43 

Loss, 

« 

.      24-67 

100-00 

Broxburn  Oil  Company. 

Per  cent. 

Naphtha,   • 

•           •           • 

• 

30 

Per  cent. 

Burning  oil, 
Gas  oU^     . 

.           *           • 

• 

30-0 

•           •           . 

• 

90 

390 

Lnbricating  oil. 

•           •           • 

• 

18-0 

Paraffin,'   . 

... 

• 

10-0 

Loss, 

.           .            • 

. 

30-0 

100-0 

The  author  is  indebted  to  Mr.  John  Fyfe  (Young's  Company)  and 
Mr.  Kennedy  (Broxburn  Company)  respectively,  for  these  statements 
of  the  present  (1895)  yield. 

r  ^  This  product,  which  may  be  classed  with  the  burning  oil,  has  become  an 
important  one,  and  a  considerable  quantity  of  it  is  now  made. 
I    '  This  represents  refined  or  semi  •  refined  paraffin,  in  ordinary  merchantable 
-condition.     The  loss  in  refining  the  paraffin  is  therefore  included  in  the  last  item 
•of  loss  in  the  processes. 
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Mr.  R.  T.  Moore  gives  the  following  tables  showing  the  prodacto 
from  1  ton  of  shale,  and  their  value,  since  1877  : — 

TABLE  L.— Produots  from  1  Ton  Shale,  and  Total  Prick  realised 

AT  Works  for  the  Refined  Products. 


Year. 

crude  Oil.     ;      Naphtha.      \    ^]^^^^^ 

1 

Total  price  per 
ton  Shale. 

1877. 
1882, 
1887, 
1891, 

Gallons. 
30-49 
29-84 
27-96 
25-09 

Gallons. 

•  ■  • 

•  •  • 

■  •  • 

1-73 

Lbs. 
17  37 
13-77 
28-95 
27-23 

£13    2 
0  14    4 
0  11     2( 
0  13    2 

Yield  of  Finished  Products  from 

100  Gallons  Crude  Oil. 

Year. 

Lighting  and 
heating  Oil. 

Lubricating 
Oil. 

Medium     '     ParaflBn 
Oil.               Scale. 

TotaL 

1877.    . 
1882,    . 
1887,    . 
1891,    . 

Gallons. 
40-35 
31-64 
34-12 
30-81 

Gallons. 
10-70 
14-35 
13-45 
12-63 

Gallons.          Gallons. 

4-43             8-26 
U-08            10-41 

6-25            1312 
11-7             14-72 

Gallons. 
63-74 
67-48 
66-94 
69-87 

Net  Prices  realised  at  Works  for  Products. 


Burning  and 

LubHcating ' 

Medium  OU. 

Paraffin 

Sulphate  of 

Year. 

heating  OU. 

Oil. 

Scale. 

Ammonia 

Pence  per  gall. 

Pence  per  galL 

Pence  per  gall. 

Pence  per  lb. 

per  ton. 

1877,     .     . 

9-275 

11-004 

6*668 

4-31 

£17     5    6 

1882,     .     . 

4-313    • 

7-347 

4-005 

2-40 

18    2    5 

1887,     .    . 

3160    • 

9-200 

1-060 

2-125 

10    5    0 

1891,    .     . 

4176 

3715 

2-806 

2-262 

10    7     1 

1892,     .     . 

3-400 

3  005 

2-250 

1-750 

10    0    0 

1893,    .     . 

2-730 

2-950 

2-100 

1-750 

11  12    6 

The  Frenoh  Shale  Oil  Industry. — The  followitig  particulars  of 
this  industry,  already  referred  to  as  regards  the  occurrence  of  the 
shale,  are  taken  from  the  detailed  description  given  by  M.  Chesncau^: — 
The  shale  is  broken  by  hand  or  by  machine-breakers  into  pieces  about 
4  inches  cube,  and  is  tipped  into  the  top  of  the  retort  immediately 
after  the  previous  charge  has  been  exhausted.  The  retort  is  closed  by 
a  cast-iron  lid  luted  with  sand  mixed  with  clay,  and,  as  it  is  already 
strongly  heated,  distillation  at  once  commences.  The  ammoniacal 
vapour  which  comes  off  during  the  first  three  or  four  hours  is  con- 
densed in  a  worm,  and  the  liquor  flows  into  a  receiver.  The  stream 
of  vapour  gradually  becomes  more  and  more  charged  with  oil  until, 
after  twelve  hours,  oil  alone  comes  off  for  about  eight  or  ten  hours. 
Finally,  steam  alone  passes  into  the  condenser,  and  this  indicates  the 
completion  of  the  distillation.  The  uncondensed  gases  are  sometiiuea 
used  as  fuel.     Each  retort  distils  a  charge  every  twenty-four  hours, 

^  Ann.  des  Mine»,  1893,  iu.,  617-674. 
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and  five  men,  at  2^  francs  daily,  are  required  for  a  bench  of  twelve 
retorts.  There  are  sometimes  twenty-four  retorts  in  a  bench.  The 
distillation  of  the  shale  is  not  carried  to  exhaustion,  so  that  the  material 
retains  a  little  bituminous  matter,  amounting,  with  the  coke,  to  about 
9  or  10  per  cent,  of  carbon.  It  is  discharged  from  the  retort  directly 
into  the  furnace,  from  which  the  exhausted  fuel  has  just  previously 
been  discharged,  and  there  acts  as  fuel  for  the  next  distillation.  To 
&cilitate  the  discharge  of  the  contents  of  the  retort  and  furnace,  the 
bottom  of  both  receptacles  is  made  to  open  downwards  like  a  door. 

The  retorts  are  of  cast  iron,  and  vary  in  capacity  from  13  to  16 
hectolitres  (I  hectolitre  equals  3'53  cubic  feet),  and  the  furnaces 
have  a  height  of  1-5  metre,  a  width  of  1*05  metre,  and  a  depth 
of  I'l  metre.  The  arch  of  the  furnace  has  seven  openings — 
one  in  the  middle,  through  which  the  shale  falls  from  the  retort, 
and  six  others  for  passage  of  the  furnace  gases  to  heat  the  sides 
of  the  retort.  The  bottom  of  the  furnace  consists  of  a  double  door 
through  which  the  exhausted  fuel  is  discharged  into  tipping  trucks 
running  on  an  under-ground  tramway.  There  are  two  flues  com- 
municating with  those  on  either  side  of  the  retort,  and  iron  dampers 
are  provided  for  regulating  the  draught.  To  avoid  sudden  change  of 
temperature,  the  retorts  are  enclosed  by  fireclay  blocks. 

The  crude  oil  is  very  dark  in  colour,  and  disagreeable  in  smell, 
and  is  purified  by  successive  distillations,  together  with  treatment 
with  acid  and  alkali,  followed  by  washing  with  water,  the  process 
resembling  that  which  is  adopted  in  Scotland,  but  superheated  steam 
has  not  yet  been  utilised  in  the  distillation  either  of  the  shale  itself  or 
of  the  crude  oil. 

The  Plamores  reflnery,  at  Buxi^res,  is  capable  of  treating  12,000 
hectolitres  (264,000  gallons)  yearly,  while  the  St.  Leger  refinery, 
belonging  to  the  Soci^t^  Lyonnaise,  is  of  five  times  that  capacity,  and 
has  an  actual  output  of  about  53,000  hectolitres  yearly. 

The  St.  Iieger  refinery  produces  from  the  crude  oil  36-48  per  cent, 
of  a  burning  oil  of  0*815  specific  gravity,  2-88  per  cent,  of  ^^huile 
lampante*'  of  0*86  specific  gravity,  1-49  per  cent,  of  a  lubricating  oil  of 
0*886  specific  gravity,  25  per  cent,  of  green  gas-oil  of  0*895  specific 
gravity,  and  20  per  cent,  of  tar  of  0*96  specific  gravitv,  the  loss  being 
14*15. 

The  Autun  shales  yield  less  oil  than  those  of  Buxi^res. .  A  cubic 
metre  of  shale  yields  45  to  58  litres  of  crude  oil  (0*89  to  0-90  specific 
gravity),  50  to  60  litres  of  ammoniacal  liquor,  and  24  cubic  metres  of 
gas. 

The  cost  of  winning  the  shale  is  about  3*5  to  4  francs  per  ton,  and 
the  total  cost  of  producing  the  crude  oil  amounts  to  10  francs  per 
hectolitre  (about  4^.  per  gallon).  Experiments  made  by  M.  Eoux, 
engineer  of  Mines  and  Works  of  Buxi^res  and  La  Courolle,  show  that 
on  the  large  scale,  one  cubic  metre  of  shale,  weighing  1*026  ton, 
yields  60  litres  of  crude  oil  of  specific  gravity  0*915  at  15"*  C.  (58  litres 
per  ton),  while  laboratory  experiments  on  half  a  kilogramme  of  the 
ahtle  gave   results  corresponding  to  42  litres  of  raw  oil   of  0*973 
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specific  gravity  per  ton,  when  conducted  without  the  use  of  steam,  and 
84  litres  of  oil  of  0*955  specific  gravity  per  ton,  when  superheated 
steam  was  injected  into  the  retort. 

From  these  results  and  other  considerations,  M.  Chesneau  believes 
that  a  larger  yield  of  both  oil  and  ammonia  might  be  obtained  by 
causing  the  distillation  of  the  shale  to  take  place  progressively,  the 
greatest  heat  being  applied  at  the  bottom  of  the  retort  and  the  tem- 
perature gradually  diminished  towards  the  top,  instead  of  the  heat 
being  almost  uniformly  distributed  over  the  retort,  as  is  the  case  at 
present.^  He  also  suggests  the  use  of  superheated  steam  in  the  dis- 
tillation of  the  shale  and  of  the  crude  oil,  and  the  introduction  of 
processes  resembling  those  in  use  in  America  for  removal  of  sulphur 
from  the  crude  oil. 

The  Brown-Coal  Tar  Industry. — The  methods  employed  in  the 
distillation  of  brown  coal  or  lignite,  which  forms  an  important  industry 
in  the  Prussian  Province  of  Saxony,  closely  resemble  those  on  which 
the  shale-oil  industry  already  described  are  founded.  In  1880,  there 
were  twenty  distilleries  in  Saxony,  in  which  1,536  retorts  were  em- 
ployed, with  a  production  in  the  year  of  48,421  tons  of  tar  from 
9,458,603  tons  of  lignite.^ 

There  are  no  hard  and  fast  limits  of  demarcation  in  physical  or 
chemical  properties  upon  the  basis  of  which  a  distinction  can  be 
drawn  between  lignite  and  ordinary  coals.  For  instance,  at  Malowka, 
in  Russia,  a  hard  coal  occurs,  resembling,  in  appearance,  a  newly- 
formed  lignite,  and  it  was  only  after  careful  investigation  that  it  was 
classified  among  the  hard  coals.  According  to  Zinke,  the  only  reliable 
method  of  distinction  is  the  determination  of  age  by  the  geological 
and  palseontological  conditions  under  which  a  coal  occurs,  the  so-called 
distinguishing  test  with  caustic  potash,  in  which  lignite  gives  a  brown 
coloration,  while  hard  coal  exhibits  no  reaction,  being  misleading. 
English  hard  coals,  and  particularly  the  so-called  dry  coals,  give  the 
coloration,  whereas  the  lignites  of  the  northerly  Alpine  Tertiary 
formation  lose  this  property  as  soon  as  they  assume  the  character  of 
anthracite. 

According  to  Kremers,  lignite  should  always  yield,  on  destructive 
distillation,  acetic  acid,  either  free  or  in  combination  with  ammonia, 
while  hard  coal  yields  free  ammonia,  but  no  acetic  acid  ;  this,  however, 
is  not  an  invariable  rule  as  regards  either  variety. 

By  exposing  anthracite,  lignite,  and  hard  coal  to  concentrated  re- 
agents for  several  years,  Percy  obtained  distinguishing  results — caustic 
potash,  for  example,  attacking  the  first-named  but  slightly,  colouring 
the  solution  pale  yellow,  and  leaving  a  black  residue;  while  it  acted 

1  Since  Chesneau's  report  was  written,  two  of  the  French  Sbale  Oil  Companies 
— the  Soci^t4  Lyonnaise  des  Schistes  Bitumineux,  and  A.  Dnchet  (Buxi^res-les- 
Mines) — have  adopted  the  Young  and  Beilby  retort. 

'Current  information  on  the  subject  may  be  cained  from  the  Zeils.  f,  die 
Paraffin  Mineral-6l  u.  Br aunkohlen- Industrie  (HaUe);  and  a  description  of  the 
occurrence  and  treatment  of  the  brown  coal  will  be  found  in  Schadler*s  Tech- 
nologie  der  Fette  und  Oele,  from  which  several  of  the  tables,  and  much  of  the  other 
information  given  in  the  following  account,  have  been  derived. 
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more  strongly  on  hard  coal,  the  solution  being  a  pale  yellowish-green ; 
and  still  more  vigorously  upon  lignite,  the  solution  in  this  case  becom- 
ing thick  and  of  a  deep  red  colour. 

Another  characteristic  difference,  according  to  Richters,  is  that  on 
drying  at  150"  C,  hard  coal  gradually  loses  weight  up  to  a  certain 
point,  beyond  which  it  again  becomes  heavier  by  oxidation,  while 
lignite  does  not  exhibit  this  latter  property. 

The  researches  of  Schinnerer  and  Morawsky  demonstrate  that,  by 
the  action  of  fused  alkalies  on  lignite,  pyrocatechin  is  always  formed, 
probably  from  proto-catechuic  acid,  produced  by  the  dissociation  of 
phlobaphene  through  the  reaction  of  the  alkali. 

Brown  coal  frequently  exhibits  a  woody  structure,  and  contains 
remains  of  leaves,  stems,  d^c,  indicating  its  production  from  vegetable 
matter,  but  also  occurs  in  amorphous,  dense,  slaty,  or  granular  masses, 
in  which  all  trace  of  structure  is  lost.  The  fracture  varies,  being,  at 
times,  even,  irregular,  smooth,  dense,  conchoidal,  splintery,  and  fibrous, 
with  wood-like  texture.  The  ordinary  brown  coal  exhibits  no  cleavage, 
while  lignite  cleaves  in  the  direction  of  the  wood  fibres ;  and  shale 
coal,  "  dysodil,"  and  "  blattkohle,"  cleave  in  the  direction  of  the  laminae 
of  the  bed.  The  common  brown  coal,  bituminous  coal,  and  anthracite 
are  generally  more  or  less  regularly  stratified. 

Thoroughly  dried  brown  coal  absorbs  oxygen  to  the  extent  of  about 
twice  its  volume,  some  descriptions  taking  up  1 1  per  cent,  in  eight  days, 
while  the  coke  from  this  coal  will  absorb  five  times  its  own  volume  of 
oxygen.  Under  the  weathering  influences  of  the  atmosphere,  the 
earthy  and  lignite  varieties  of  brown  coal  lose  a  variable  proportion 
of  their  bituminous  properties,  and  fall  to  pieces  or  powder.  Thus 
the  upper  layers,  when  exposed,  ofben  differ  from  those  below. 

The  burning  properties  may  be  tested  by  heating  in  a  porcelain 
crucible,  with  admission  of  air ;  the  lignites  usually  burning  easily, 
with  a  weak,  smoky  flame,  and  emitting  an  unpleasant  resinous  or 
tallow  odour. 

The  various  brown  coals  are  not  classified  according  to  their  heating 
properties,  like  hard  coals,  but  are  placed  in  general  groups,  not  being 
sufiiciently  distinct  in  their  qualities  to  permit  of  a  more  scientific 
classification.     Schadler  recognises  twelve  classes  : — 

The  first  class — common  brown  coal  or  fire  coal— forms  compact 
masses,  having  a  conchoidal  fracture,  and  a  light  or  dark  brown  colour. 
The  broken  surface  has  a  dull  or  slightly-glazed  appearance.  It  is 
classed  between  earthy  brown  coal  and  bituminous  coal. 

The  second  class — earthy  brown  coal,  small  coal,  or  bituminous 
earthy  brown  coal — occurs  in  more  or  less  easily  broken  masses  of 
yellowish,  light  to  dark  brown  or  brownish-red  colour.  The  fracture 
is  dull  and  uneven,  devoid  of  organic  structure,  and  rough  to  the 
touch. 

The  following  varieties  belong  to  this  class : — 

(a)  Paraffin  coal — a  very  light-coloured  description,  used  for  the 
production  of  burning  oil  and  paraffin. 

(6)  Grease  coal — used  for  making  briquettes. 
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(c)  Ascliengrund — from  the  marshes  in  mining  districts.  The  ash 
is  utilised  as  manure. 

(c?)  Cologne  umber  or  Cologne  earth — employed  as  a  pigment  and 
dyestuff. 

(e)  Lampblack  coal — a  coal  occurring  in  Bohemia. 

To  the  third  class  belong  ligmte,  woody  brown  coal,  fibrous 
brown  coal,  or  bituminous  wood,  occurring  as  woody  masses,  more 
or  less  fossilised,  and  yellow  to  dark  brown  in  colour.  Degree  of  hard- 
ness, 1  to  2 ;  specific  gravity,  0-6  to  1*4.  Fracture  according  to  the 
character  of  the  wood.     Varieties  :  (a)  Bast  coal,  and  (b)  Needle  coaL 

Class  4  includes  slate  coal,  a  dense,  slaty,  brownish-black  to  black 
coal,  of  uneven  fracture. 

Class  5  comprises  paper  coal,  dysodil,  stinking  coal,  and 
foliated  shale.  This  easily  separates  into  laminae  as  thin  as  paper, 
pliable  but  tough,  and  is  grey  to  dark  brown ;  dull  or  shiny.  Hard- 
ness, 1.  It  contains  portions  of  plants,  also  well-preserved  insects, 
fishes,  frogs,  crocodile  remains,  and  feathers,  but  is  considered  to  be  of 
vegetable  origin. 

Class  6.  Leaf  coal  or  foliated  coal — formed  of  superimposed  layers. 

Class  7.  Beed  coal — found  in  long  reedy  bands. 

Class  8.  Moor  coal,  which  shows  no  wood-like  structure,  and  has  a 
flat,  conchoidal  fracture.  It  is  usually  soft  and  friable,  but  is  occasion- 
ally hard  and  slate-like.  In  colour  it  varies  between  dark  brown  and 
pitch  black,  and  has  a  dull  appearance.  Its  specific  gravity  is  1*2  to 
1*3.  Hardness,  2*5.  It  frequently  contains  remains  of  marsh  plants. 
Moor  coal  generally  accompanies  lignite  deposits,  and  is  found  under 
and  between  the  strata  of  this  formation. 

Class  9.  Pitch  coal  or  specular  coal — compact,  more  or  less  brittle, 
and  occasionally  tough,  but  seldom  hard.  Dark  brown  to  pitch  black, 
with  a  waxy  or  somewhat  pitchy  gloss.  Fracture  imperfect,  sometimes 
flat,  conchoidal.  Powder,  brown.  Hardness,  2*5.  Specific  gi*avity, 
1*2  to  1*3.  Pitch  coal  occurs  sometimes  alone,  sometimes  as  layers  in 
the  strata  of  common  brown  coal  or  the  earthy  brown  coal  beds,  and 
is  found  in  the  vicinity  of  eruptive,  igneous  rocks. 

Class  10.  Gloss  cosi — compact,  deep  black,  with  conchoidal  fracture 
well  developed,  with  a  resinous  to  glassy  and  metallic  lustre.  This  is 
the  hardest  nnd  most  compact  of  the  brown  coals.  Hardness,  2 '5  to  3. 
Specific  gravity,  1*2  to  1*5. 

Class  11.  Jet,  azabache,  gagat,  black  amber.  The  name  "gagat*' 
is  derived  from  the  river  Gages,  in  Lycia,  at  whose  mouth  this  sub- 
stance occurs.  A  dense,  jot-like  coal,  with  conchoidal  fracture,  so 
hard  and  firm  that  it  can  be  filed  and  polished  for  ornaments. 

Class  12.  Stem  or  columnar  brown  coal,  occurring  as  4-  to  6-sided 
columns,  of  a  brown  colour.  Somewhat  harder  than  common  brown 
coal,  but  otherwise  possessing  similar  characteristics. 

The  brown  coals  vary  in  composition  with  their  appearance  and 
occurrence,  the  bituminous,  light-coloured,  earthy  brown  coal  of  Saxony 
differing  from  the  columnar  coal  of  Meissner,  &c.;  the  lignite  of 
Westerwald  from  the  gloss  coal ;  and  the  dark-coloured  brown  coal  of 
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Mertendorf,  Prussia,  from  the  pitch  coal  of  Echelsbach  in  Bavaria. 
Generally,  the  Eocene  coals  contain  relatively  more  carbon  than 
those  of  the  Miocene  and  Pliocene  ages,  the  latter,  however,  having 
more  oxygen  than  the  fonner.  If  several  strata  occur  in  a  bed,  they 
seldom  contain  coals  of  identical  character;  usually  there  is  more  or 
less  difference  in  appearance  and  composition,  and  a  similar  variation 
is  even  observed  in  the  same  stratum. 

TABLE  U. — Composition  of  Brown  Coals. 
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The  nitrogen  varies  from  0  to  2  per  cent. 
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TABLE  LII. — Ash  Constituents  of  VARiors  Brown  Coals. 
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The  specific  gravity  of  the  true  brown  coals,  with  the  exception  of 
the  Cologne  Umber,  varies  between  0-8  and  1*15,  and  can  only  be  con- 
sidered as  indicative  of  the  density  when  the  coal  is  free  from  foreign 
Sjabstances.  In  estimating  this  constant,  air  must  be  completely 
ijemoved. 

.  The    freshly  -  won    coals  of   the    earthy   varieties   contain   up   to 

"50  per  cent,  of  hygroscopic  moisture,  part  of  which  is  yielded  up  on 

•exposure  to  the  air,  leaving  behind  20  to  30  per  cent.,  which  is  only 

•driven  off  at  100'  C      A  coal   so  dried  will  quickly  take  up  8  to 

12  per  cent,  of  moisture  on  exposure  to  the  air. 

Air-dried  brown  coal  has  the  following  approximate  percentage  com- 
position (neglecting  the  varying  amount  of  the  ash) : — 


Carbon, 

Hvdrogen, 

Water,  in  combination, 

Hygroscopic  moisture, 


48  to  56  per  cent. 
1  to    2 
31  to  32 
20 


if 


>» 


»» 


In  combustibility,  brown  coal  is  inferior  to  wood,  and  in  facility  of 
ignition,  between  wood  and  hard  coal. 

The  uses  of  brown  coal  as  fuel  are  more  limited  than  those  of  hard 
ooal,  as  it  cannot  be  employed  for  such  purposes  as  hard  coal  is 
peculiarly  fitted  for.  Its  chief  consumption  in  this  way  is  for  roasting 
furnaces  in  chemical  works  and  salt  works,  and  for  domestic  use. 
Frequently,  the  earthy  variety  is  fit  for  fuel  only  after  being  compressed 
into  blocks.  Practically,  it  is  found  that  freshly-mined  brown  coal  is 
better  for  burning  than  that  which  has  been  exposed  to  the  air  for 
some  time.  The  most  important  of  its  uses  is  in  the  production,  by 
destructive  distillation,  of  mineral  oils  and  paraffin. 
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Brown  coals  which,  during  formation,  have  either  lain  between  beds 
of  clay  or  have  been  mixed  with  clay,  shell  limestone,  or  pyrites,  are  un- 
suitable for  the  mineral  oil  industry,  being  unusually  rich  in  carbon 
and  oxygen,  and  poor  in  hydrogen.  The  resulting  tar  is  of  very  high 
specific  gravity,  and  generally  contains  little  paraffin.  The  most 
important  fietctors  in  a  tar  coal  are  a  high  percentage  of  hydrogen  and 
a  low  content  of  oxygen,  and  these  differences  in  composition  from 
ordina/ry  brown  coal  are  observable  not  only  in  coals  from  different 
sources,  but  where  both  occur  in  the  same  bed,  the  burning  coal  con- 
taining about  5*5  per  cent,  of  hydrogen,  and  25  to  30  per  cent.,  of 
oxygen,  as  compared  with  10*5  per  cent,  of  hydrogen,  and  13  to  21 
per  cent,  of  oxygen  found  in  tar  coal. 

Before  being  employed  in  the  manufacture  of  mineral  oils,  brown 
coal  should  be  subjected  to  a  preliminary  analysis  by  destructive 
distillation.  Dried  coals  yield  proportionately  more  tar  than  newly- 
won  coals,  but  the  temperature  of  the  drying  air  should  not  exceed 
30°  to  40"*  C,  as  many  coals  lose  an  appreciable  quantity  of  bitumen 
oven  at  a  moderate  heat. 

Brown-coal  tar  is  of  a  buttery  consistency  at  ordinary  tempera^ 
tures,  and  solidifies  at  about  +  5''  C.  Its  colour  is  light,  varying^ 
however,  with  the  coal  from  which  the  tar  is  distilled,  but  it  becomeiii 
darker  on  exposure  to  heat  and  air,  and  under  the  influence  of  light 
the  tar  quickly  turns  black.  The  tar  sometimes  exhibits  an  acid 
and  sometimes  an  alkaline  reaction.  The  tar  yields,  on  distillation, 
the  following  fractions : — 

Specific  gravity. 
From  130°  to  170°  C,  Brown  coal  benzine,  0*710  to  0760. 

170°  to  220°  C,  Light  /  brown  coal- \  Photogen,         0750  to  0  820. 

220°  to  290°  C,  Heavy  I     tar  oU,      J  Solar  oil,  0*820  to  0-880. 

290°  to  320°  C,  Lubncatmg  oil,  0*880  to  0*900. 

Above  320°  C,  Paraffin  oil,  0*890  to  0-910. 

These  fractions  are  treated  with  acid  and  alkali  to  remove  impurities, 
the  fractions  of  higher  specific  gravity — viz.,  the  lubricating  and 
paraffin  oils — being  subsequently  cooled  to  3°  to  5°  C.  by  a  freezing 
mixture,  to  crystallise  the  paraffin  scale,  which  is  then  pressed  to 
remove  the  oil. 

The  brown  coals  best  suited  for  distilling  and  giving  the  largest 
yield,  are  the  whitish,  and  brownish-yellow,  pulverulent  "paraffin** 
coals.     Their  average  yield  vairies  between — 

Per  cent.  Per  cent. 

Coke,                                 .     25  to  60        Tar  water,                         .    20  to  40 
Tar, 2  to  10        Gases 5  to  25^ 

100  parts  of  tar  yield  on  an  average — 

Per  cent.  Per  cent. 


Brown  coal  benzine, .         .  2  to    6 

Photogen,          .                  .  8  to  30 

Solar  oil 12  to  60 

Lubricating  oil,         .         .  15  to  30 


Paraffin,  1*5  to  12 

Asphalt,  .  14     to  20 

Gases,     .  .  3     to  10 

Water,  .  .  5     to  20 


^  Or  per  kilogramme  0*12  to  0*35  cubic  metre. 
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TABLE  LIIL— Pboducts  of  Distillatiok  of  Brown  Coal. 


100  parts  of  Brown  Coal  from 
the  Pit  yield 


(a)  Oranien,  mixed  pieces, . 
(6)        „        large  lumps,    . 

(c)  Nassao,  mixed  pieces,  . 

(d)  „       larse  lumps,    . 

(e)  „       unaried  li^ite, 
(/)  Oranien,  dried  lignite,  . 


Coke. 

1 
Tar  water. 

Percent. 

1 

: 

Tar. 

Sp.  gr.  of 
the  tar. 

Oaaes. 

Per  cent. 

Per  cent. 

Percent. 

31-97 

44-72 

5-37 

1043 

17-94 

34-86 

40-77 

3-18 

0-952 

21-17 

31-28     J 

43-69 

3-78 

1-064 

21-29 

31-22 

43-07 

2-86 

1041 

22-80 

34-21 

42-83 

6-61 

1079 

17-35 

36-42 

•  •  • 

5-88 

1-072 

12-60 

The  mixed  pieces  varied  from  25  grms.  to  300  to  400  grms. 
The  large  lumps  were  from  7  to  iS  kilos. 


100  Parts  of  the 

above  Tars  yielded 

Light  OU. 

Heavy  Oil. 

Asphalt. 

Water  and  Gases. 

Per  cent. 

Per  cent. 

Percent. 

Per  cent. 

a 

30-53 

7  63 

13-48 

48-37 

b 

26-60 

18-83 

13-64 

40-90 

c 

48-79 

12-42 

24-24 

13-55 

d 

37  06 

9-10 

17-80 

36-33 

e  and/ 

51-29 

19*80 

19-80 

9-11 

— 7?.  Fre8ennt», 

TABLE  LIV. — Giving  other  Besults  as  to  thk  Yield  of  Tar,  &c. 
The  Name  of  the  Analyst  is  given  in  each  case. 


100  parts  Brown  Coal  from 
the  Pit  yielded  from 

Tar. 

Specific 

gravity  of 

Tar. 

Crude 

DistUlate. 

Specific 

gravity 

up  to  0*860 

Crude 

Distillate. 

Specific 

gravity 

0*850  to 

0*900. 

Crude 
Parafiln. 

Tscheitsch  in  Mahren, 

woody,  . 
Tscheitsch  in  Mahren, 

older  formation,     . 
Eger  in  Bohemia, 
Krzemusch  in  Bohemia, 
Herbitz           „ 
Schoebritz       „ 

Per  cent. 
4-70 

3-50 
7-50 
0-50 
5-70 
4-70 

1-095 

1-050 
0-915 
0-920 
0-900 
0-900 

Per  cent. 
0-43 

0-32 
0-55 
1-08 
1-15 
1-04 

Per  cent. 
1-37 

1-89 
3-75 
3  22 
2-41 
2  30 

Per  cent. 
0-15 

0-18 
0-60 
0-80 
0-30 
0-20 

— C.  MiilUr. 


BltOWN-COAL   TAR    INDUSTRY. 
TABLE  UV.— Coniinued. 


100  piiU  of  Tir  yielded 

1 

^ 

.  1.5  |!.- 

i.  i'fli 

^ 

1 

1 

1 

^ 

13 

s 

1 

Per 

Per  '   Ptr      Per  1  Por 

cent. 

cenU 

5-37 

50-36!2<J-47(17'60'33-*0-10 

l-7( 

i7-:n 

2-4C 

112      161 -4< 

2l-1415-40'.-i3-50J0 

3-:« 

I8-1( 

5 

IStockheim,  near  Dilrcn, 

8-24136  26l40'58l  9  92ll7-50'20-60l3-S( 

16-00'36-7C 

Cn»el 

36-2542-50 16'2a'l»'4U  27-11 

4-3( 

14  3037-8C 

MSndeo,        .         .        . 

1  a-oa 

31-3950     liseoiiT-M'sB-aois 

18-60,32-M 

Oldieleben,    . 

1  6-l( 

29-3758 -25,  8-28  11 -70.26 -00k-4t 

l7-60,33-7C 

4-23|30-H>;50      :i5-IJ7|15-50'lM( 

3-.i( 

TUledi^. 

I'W 

20-60-70        7-B016-aol8 

4  41 

ll-10;49-7( 

4-4& 

3r39:50-l6U-0U  16-30  19n( 

341 

13-1047  ■*(. 

The  Bhone,   . 

.  U-8S 

ie-6G'41-25  10-6t'10-C019-:i0 

16-9061-80 

100  vtU  Brown-Co«l  Tw  jrleUed 

Light  Oil. 

0-7StoO«. 

LubrieaUni 

o-Mtob-M. 

Paramn. 

Brown  coal  from  Gtabero 

Dallniti 

H»lle,       .... 

Lehmilorf  (light  brown),  . 

„                      „         (dnrk  brown).  , 

PwcBDt 

2 

8-40 
7  13 
fl-05 
7-00 

11-80 
8-90 

lU-90 

Pereent. 
50-70 
40  70 
5.1 -29 
32-57 
.32-90 
31-20 
33 
32-80 

Percent. 
26-90 
26-30 
3«-50 
40-40 
39-16 
36-40 
34-40 
37-60 

—Hiibatr  and  VartUl. 


100  paiti  Leat  Shale  Ttaldtd 

T»r.           Crud.D!,tlllKt« 

erode  Dlrtillate 

Crude  PinOn. 

He«en, 

Rhine  provincea. . 

Bonn 

Per  cent.           Per  cent. 
20          '         6 
13                   5 
11                   3 
26                   0 
1          11                   3 

a                 0-10 

Percent. 
12 

Percent. 
0-76 
U-50 
050 
1 

0-30 
0-23 
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TABLE  LIV. —CoiUinued. 


100  parts  Leaf  Shale 
yieldetl 

Light  Oil 
(Phogoten). 
Sp.  gr.  0-820. 

Heavy  Oil 
(Lubricating 

Oil). 
8p.  gr.  0-860. 

Parafnn. 

Asphalt. 

Carbolic 

Acid  and 

Loss. 

English    leaf    shale, 
Rhenish           ,, 
VVestphalian    ,, 
Oedingiau        ,, 

Per  cent. 
24-28 
25-68 
27-50 
18-33 

Per  cent. 
40 
43 

13-67 
38-33 

Per  cent. 
0-12 
0-12 
1-12 
5 

Per  cent. 
10 

12-03 
12-50 
13-33 

Per  cent. 
25-29 
1916 
45-30 
25 

—H,  Vohl. 

The  Rhenish  shale  contained  so  much  arsenic  as  to  injuriously  affect  the 
workmen  in  the  refinery. 

The  Rhenish  leaf  shale,  or  so-called  paper  coal,  yielded — 


Air-dried  Coal. 


Tar. 


Tar,  . 
Coke, 
Gases, 
Tar  water, 


20  per  cent. 
46-33 
9-45 
24-22 


)) 


If 


100 


»» 


)) 


Photogen, 
Solar  oil, 
Paraffin  cake, 
Carbon,  . 
LfOss, 


32*50  per  cent. 

0-33 
51-25 

8-92 

1 


>» 


>> 


100 


—H.  VohL 


Bentheim  gagat  yielded  the  extraordinary  quantity  of  45  per 
cent,  of  an  aromatic  transparent  tar  of  the  colour  of  rape  oil,  which 
solidified  at  10°  C. 


Gagat  Tar. 

Specific  gravity. 

Boiling  point 

Per  cent. 

Lightest  oil, 

light  oil,     .... 
Hea>'y  oil,  .... 
,,           «... 
Coke,  water,  and  loss. 

0-70  to  0-75 
0-75  to  0-82 
0-82  to  0-86 
0-86  to  0-88 

•  •  • 

70'  to  120"  C. 
120**  to  250*^0. 
250°  to  350°  C. 
Over  350° 

•  •  • 

0 
30 
30 
15 
19 

100 

— Knapp. 

The  tar  is  obtained  from  brown  coal  or  lignite  by  a  process  of  slow 
distillation,  and  the  product  is  fractionally  distilled  and  purified  some- 
what as  shale  oil  is  treated.  The  treatment  and  composition  of  the 
tar  have  recently  been  carefully  investigated  by  Edgar  von  Boyen,^ 
T.  Heusler,^  and  others. 

The  tar  differs  widely  from  the  petroleum  oils,  and,  although  more 
nearly  resembling  shale  oil,  is  still  so  far  distinct  as  to  require  different 

1  Chemiker  Zextung,  xiv.,  267  and  289,  and  Zeits.  f.  Angew,  Chemie,  1891,  101 
and  261. 

2  Ber.  d.  d.  chem,  OtMelUch.,  189-2,  xxv.,  1665. 
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treatment.  According  to  von  Boyen,  if  the  portion  of  the  lignite  tar 
oil  boiling  at  over  300'  C,  and  freed  as  far  as  possible  from  crystalline 
paraffin,  be  distilled,  and  after  treatment  with  acid  and  alkali  be  redis- 
tilled, the  temperature  will  be  observed  to  rise  slowly  and  regularly 
without  break,  and  fractions  taken  at  every  5°  will  be  found  to  have  a 
close  resemblance  to  each  other.  The  speci6c  gravity  and  viscosity 
increase  with  the  boiling  point,  and  the  colour  deepens,  but  the 
odour  becomes  less  strong.  If  one  of  these  fractions  be  agitated 
with  50  per  cent,  of  concentrated  sulphuric  acid  at  ordinary  tempera- 
tures, an  equal  quantity  of  the  oil  dissolves,  with  the  formation  of  a 
red-brown  or  black  solution,  from  which  a  black  mass,  technically 
known  as  saiireharz  (acid  sludge),  separates.  This  substance  is  not 
resinous,  but  is  a  mixture  of  sulphonic  acids,  which  are  readily  soluble 
in  water.  The  acid  sigitation  may  be  repeated  with  the  same  result, 
until  little  ot  the  oil  is  left  unacted  on,  and  this  differs  but  little  from 
the  original  oil,  though  it  is  generally  of  lower  density.  If  only  3 
per  cent,  of  concentrated  sulphuric  acid  be  used, .  the  black  mass 
obtained  i3  more  like  resin,  the  ** sludge  acids"  from  tar  or  crude 
paraffin  being  thick  and  sticky,  and  but  slightly  soluble  in  water.  The 
products  obtained  by  further  treating  the  oil  with  acid,  are  soluble  in 
water.  The  remaining  oil  forms,  with  water,  a  milk-white  emulsion, 
from  which  an  oil  of  below  0  900  specific  gravity  separates,  after 
standing  in  a  warm  place,  but  no  separation  of  oils  of  over  0  900 
specific  gravity  occurs  even  after  a  week.  Fuming  acid  has  the  same 
effect;  but  crystalline  sulphonic  acids,  or  their  salts,  are  not  obtain- 
able from  the  sludge  acid.  Concentrated  nitric  acid  gives  a  brisk 
reaction,  red  resinous  bodies  being  produced  on  warming.  The  fuming 
acid  dissolves  the  oil  to  a  clear  red  solution,  from  which  amorphous 
resins  separate  on  the  addition  of  water.  They  are  easily  soluble  in 
hot  alcohol,  but  are  precipitated  on  cooling,  in  a  powdery  or  resinous 
form,  according  to  the  action  of  the  acid,  but  never  in  crystals. 
Von  Boyen  considers  that  these  reactions  conclusively  show  the 
absence  of  paraffins.  When  heated  with  caustic  potash,  the  greater 
part  of  the  oil  volatilises  unchanged,  the  remainder  forming  a  black 
mass.  With  a  mixture  of  potassium  chromate  and  sulphuric  acid, 
the  oil  thickens  and  turns  red.  Acetic  acid  is  produced  by  oxidation 
with  potassium  permanganate  in  an  alkaline  solution.  These  re- 
actions show  a  great  difference  between  the  composition  of  the 
lignite  paraffin  oils  and  petroleum  oils. 

The  refining  of  the  oils  below  0*900  specific  gravity  is  not  attended 
with  difficulty,  and  is  similar  to  that  of  the  heavier  oils.  Those  of 
over  0  900  specific  gravity  boil,  as  a  rule,  above  SOO**  C,  mostly, 
indeed,  above  360**,  and  such  an  oil  as  is  obtained  in  manufacture 
from  Tertiary  deposits,  when  distilled  experimentally,  yields  first  a 
small  quantity  of  water,  accompanied  by  products  having  an  odour  of 
garlic,  and  a  yellow  organic  body  redolent  of  sulphur  products,  which 
collect  in  the  condenser  tube.  The  first  distillates  have  the  strongest 
smell,  but  the  last  have  an  odour  of  acrolein,  even  when  distilled  in 
vacuo,  which  is  not  perceptible  when  the  distillation  is  conducted  on  a 
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large  scale.  The  colour  of  the  distillates  deepens  with  each  successive 
fraction.  These  changes  are  due  to  the  high  temperature,  and  not  to 
oxidation,  and  the  use  of  superheated  steam  improves  the  colour. 
The  heaviest  oil  prepared  on  a  large  scale  is  separated  from  the 
soft  paraffin  scale,  and  this  oil  seldom  has  a  specific  gravity  exceeding 
0*920,  or  a  viscosity  of  more  than  3*60,  by  Engler's  test. 

The  following  table  shows  the  result  of  the  distillation  of  a  thick 
dark-green  oil,  of  specific  gravity  0*945  at  14**  R.,  which  had  been 
freed  from  creosote  by  treatment  with  5  per  cent,  of  soda  lye.  The 
distillation  was  conducted  with  the  aid  of  superheated  steam,  0*5 
per  cent,  of  soda  lye  having  been  previously  added  : — 


1 

Specific  gravity 
kilos.                atU*». 

First  Ilunnings, 

Mixture, 

Red  Product  I., 

IL, 

»     m., 

224                  0*881 
1624                  0*933 
2*24                  0-956 
140          1        0*968 
100                 0*988 

Total  and  average,       .... 

2312 

0*935 

The  distillate  was  pale  yellow  up  to  0  956. 

The  1,624  kilos.,  when  fractionated  into  seven  portions,  gave : — 


Specific  gravity.     |  Visootity  (Sngler). 


Fraction  I., 

„     u., 

III., 

IV., 

v., 

VI., 
VII., 


ti 
ii 
it 
If 

99 


0*900  at  14**  R. 

2  692  at  14"  11. 

0*9-26 

4-385 

0  932 

5*308 

0  9:i5 

5*770 

0-937 

6*923 

0  943 

8404 

0-956 

11-535 

Average, 0*935 


)> 


5*770 


)* 


It  is  well  known  that  the  hydrocarbons  of  lignite  tar  oils  are  capable 
of  converting  oxygen  into  oi^ne,  and  are  thereby  bleached-^  a  property 
also  shared  by  the  paraffins,  and  first  observed  by  L.  Grotowsky  in  the 
case  of  solar  oil.^  Refined  brown-coal  tar  oil,  even  when  protected 
from  air  and  sunlight,  becomes  dark  coloured  after  a  couple  of  months. 
Similar  oil  treated  with  soda  lye  and  placed  in  the  sun  will  darken 
quickly  at  first,  but  bleaches  in  a  few  days — oils  of  low  density  changing 
more  quickly  than  heavier  ones. 

1  Zeiti,  /.  Berg-hUtten  und  Salinentpe9(fi,  24,  381. 
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The  oil  after  acid  treatment  behaves  quite  differently,  and  bleaches 
rapidly,  away  from  sunlight.  It  is  difficult  to  account  for  this,  as  the 
removal  of  the  sulphonic  acid  compounds  produces  no  change,  and  it 
can  only  be  attributed  to  the  sulphuric  acid,  although  its  action  is  not 
as  yet  understood. 

Air  is  not  necessary  for  the  bleaching,  though  where  the  oil  contains 
water,  the  vessels  should  be  left  open.  Two  samples,  one  sealed  and 
the  other  open,  taken  from  the  same  oil,  which  had  stood  in  a  warm 
dark  place  for  about  a  fortnight,  bleached  equally  from  deep  red  to 
light  yellow  after  about  two  hours'  exposure  to  sunlight.  The  best 
vessels  for  bleaching  in  sunlight  are  of  white  glass,  either  flat  and 
shallow,  or  upright,  so  that  the  light  only  has  to  pass  through  a  thin 
layer  of  oil.  The  bleach ing-room  should  be  kept  at  20°  to  25^*,  the 
air  dry  and  free  from  dust,  and  the  vessels  should  be  so  arranged  that 
the  direct  rays  of  the  sun  fall  on  them,  reflected  light  not  being  so 
eflective.  When  the  bleaching  is  finished,  a  thick  dark  sediment 
collects  at  the  bottom  of  the  vessels.  The  oil  is  then  removed  from 
the  direct  sunlight,  as  otlierwise  the  continued  ozonising  would 
result  in  the  production  of  acetic  acid  and  homologues,  which  would 
impart  a  sour  odour  without  improving  the  colour. 

Distillation. — In  the  vacuum  process,  there  is  less  decomposition 
and  loss  of  oil  than  occurs  when  the  distillation  is  conducted  in  the 
ordinary  manner.  High-pressure  or  superheated  steam  does  not  give 
particularly  favourable  results,  and  the  condensed  water  is  separated 
with  difficulty. 

Acid  Treatment. — The  action  of  concentrated  sulphuric  acid  on 
the  lignite  tar  oils  is  unlimited.  The  results  of  a  number  of  experi- 
ments made  with  a  view  of  ascertaining  the  best  proportion  of  acid  to 
use,  indicate  that  this  should  be  from  2*5  to  4  per  cent,  of  66*"  B.  acid, 
or  less  of  fuming  acid. 

Before  being  treated  with  acid,  the  distilled  oil  should  be  freed  from 
water.  It  should  be  clear,  and  not  deeper  in  colour  than  cherry  red 
when  viewed  in  a  thickness  of  10  centimetres.  The  temperature  of 
the  oil  to  be  treated  should  be  about  10°  C,  and  must  not  exceed  20', 
as,  although  the  action  of  the  acid  is,  under  any  conditions,  to  remove 
the  unstable  portions  of  the  oil,  yet  at  the  higher  temperature,  the 
sludge  acids  also  react  on  the  oil,  producing  sulphur  dioxide  and  water. 
The  presence  of  the  latter  greatly  hinders  the  separation  of  the  black 
specks  in  the  oil.  A  number  of  experiments  made  in  the  endeavour 
to  remove  this  water  from  the  oil  gave  negative  results,  hygroscopic 
substances  such  as  magnesium  chloride  and  calcium  chloride,  even  in  a 
finely-divided  state,  having  little  effect.  Even  after  neutralisation  of 
the  acid,  these  agents  fail  to  clarify  the  oil,  the  best  result  being  ob- 
tained by  using  fine  clay  for  the  purpose. 

The  acid  or  alkali  treatment  is  most  effectually  earned  out  in  an 
air-blast  agitator.  After  the  acid  treatment,  the  oil,  still  dark-coloured 
and  opaque,  is  mixed  with  strong  soda  lye  at  a  moderate  temperature, 
and  is  allowed  to  stand  for  a  day  to  remove  creosote,  <fec.  It  is  then 
distilled  in  fractions  of  5  degrees  of  the  1,000-degree  areometer,  cooled 


462  THE    SHALE    OIL    AND    ALLIED    INDUSTRIES. 

to  below  20°,  and  re-treated  with  3  per  cent,  of  acid  of  66**  B.,  for  fifteen 
minutes,  in  the  air-blast  agitator,  care  being  taken  to  have  both  the  oil 
and  the  air-blast  thoroughly  dry.  Fuming  acid  is  preferable  to  the 
66**  B.  strength  for  tlie  final  operation,  as  a  smaller  quantity  suffices, 
and  it  is  found  that  the  less  acid  used,  the  more  easily  is  the  clarifi> 
cation  subsequently  effected. 

After  settling  and  removal  of  the  sludge  acid,  treatment  follows 
with  finely-powdered  and  sifted  unctuous  clay,  freed  from  water  and 
organic  substances.  This  attracts  and  carries  down  the  black  acid 
particles.  Poor  or  badly-sifted  clay  is  worse  than  useless,  as  is  also 
burnt  clay.  The  manipulation  is  also  important,  and  care  must  be 
taken  to  avoid  an  excess,  which  is  prejudicial.  The  clay  meal  must 
be  added  gradually,  in  small  and  decreasing  quantities.  A  little  sludge 
acid  should  be  left  in  the  agitator  with  the  oil,  as  its  presence  facilitates 
the  conduct  of  the  cleansing  process.  After  agitation  for  about  fifteen 
minutes  to  half  an  hour,  the  oil  suddenly  becomes  pale  yellow  in  colour, 
and  after  settling,  must  be  drawn  off  very  carefully  to  avoid  disturbing 
the  sediment. 

After  testing  a  sample  with  concentrated  soda  lye  to  ascertain  the 
smell,  which  is  the  best  indication  of  the  condition  of  the  oil,  the 
whole  is  mixed  with  1  to  2  per  cent,  of  concentrated  soda  lye  at 
a  moderate  temperature,  and  is  kept  at  40°  to  60°  C.  until  clear 
(generally  24  hours  is  sufficient),  after  which  the  sediment  is  carefully 
removed,  and  the  oil  cooled  to  20°,  to  prepare  it  for  a  repetition  of  the 
acid  process.  This  consists  of  treatment  with  4  per  cent,  of  acid  and 
3  per  cent,  of  clay  in  two  mixings,  followed  by  washing,  and,  if  neces- 
sary, redistillation  and  further  treatment. 

To  remove  the  sulphonic  acids,  a  washing  process  is  necessary, 
during  which  these  acids  form  a  milky  emulsion.  The  oil  also  enters 
into  these  emulsions,  and  can  only  be  recovered  by  heating,  but  this, 
injures  the  colour.  In  fact,  the  oil  recovered  from  the  first  washings 
is  of  poor  quality,  and  not  worth  the  trouble  of  separation.  The  most 
economical  way  of  treating  the  oil  after  the  washing,  if  the  colour  has 
become  dark,  is  by  a  final  agitation  with  sulphuric  acid  and  clay, 
followed  by  neutralisation  with  finely -powdered  sodium  carbonate, 
which  combines  with  the  sulphonic  acids,  to  form  flaky  or  gelatinous 
salts,  insoluble  in  the  oil.  The  process  is  finished  when  frothing  occurs, 
and  the  oil  is  found  to  be  of  a  pale  citron-yellow  colour.  A  medium 
temperature  is  best  for  the  operation,  and  about  one  and  a-half  hours 
suffices,  on  an  average,  to  produce  the  desired  result.  It  is  preferable 
to  wash  the  oil  after  two  acid  treatments,  as  otherwise  there  is  diffi- 
culty in  getting  the  oil  clear  by  the  dry  process.  The  sulphonic 
compounds  must  also  be  removed  before  diistillation,  or  compounds  of 
disagreeable  smell  will  come  over  with  the  oil. 

The  storage  of  the  oil,  befoi-e  treatment,  should  be  effected  in  the 
open,  in  shallow  iron  reservoirs  protected  from  dust  and  dirt.  Rain 
and  air  have,  in  time,  a  considerable  oxidising  effect,  and  the  more 
Yolatile,  strong-smelling  oils  ai*e  volatilised.  The  refined  oil  should 
be  kept  in  vessels  with  small  exposed  surface.      Glass  or  leaden 
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receptacles  are  the  best,  the  former  being  preferable.  Iron,  even 
when  free  from  rust,  is  a  carrier  of  oxygen,  and  affects  the  colour, 
and  wood  is  also  prejudicial.  The  vessels  must  not  be  closed,  but 
must  permit  the  escape  of  gas  and  water  vapour.  There  should  be 
a  tap  at  the  lowest  point  for  the  removal  of  sediment. 

The  following  account  of  the  work  of  Heusler,  on  the  brown-coal 
tar  oils  obtained  at  the  Eiebecksche  Montanwerke,  is  taken  from  the 
Journal  of  the  iSocieiy  of  Chemical  Industry.  Not  only  were  the 
commercial  distillates  examined,  but  also  the  fractions  of  low  boiling 
point,  which  are,  in  practice,  allowed  to  escape  as  vapour : — 

"The  distillates  were  washed  with  dilute  acid  and  alkali  to  remove 
all  basic  aind  phenoloid  substances.  They  were  then  fractionated  by 
means  of  steam,  carefully  dried  by  potash,  and  at  last  repeatedly 
fractionated  in  copper  stills.  Both  Linneman's  and  Norton-Otten's 
dephlegmators  were  used,  the  latter  yielding  better  results  than  the 
former.  Mere  fractionation  seemed  unlikely  to  yield  pure  substances^ 
since  above  180°  a  partial  decomposition  of  the  hydrocarbons  appeared 
to  occur. 

"  The  following  methods  were,  therefore,  resorted  to  : — 

"1.  Method  op  Partial  Oxidation. 

"  Wagner's  process  of  oxidation  of  non-saturated  hydrocarbons  by 
means  of  an  alkaline  solution  of  potassium  permanganate,^  was  thought 
of  for  separating  the  saturated  hydrocarbons  from  the  non-saturated 
ones,  the  latter  becoming  changed  into  glycols.  Before,  however, 
Wagner's  method  was  followed,  the  author  tried  partial  oxidation  by 
means  of  permanganate  in  an  acid  solution.  The  oxidation  of  the 
fractionated  oils,  mixed  with  sulphuric  acid,  seems  to  take  place  readily 
at  first,  but  at  last  a  stage  is  reached  when  the  permanganate  is  only 
slowly  decolorised.  At  this  moment,  the  further  addition  of  perman^ 
ganate  is  discontinued,  and  the  unattacked  hydrocarbons  are  conveni- 
ently separated  by  distillation  in  a  current  of  steam.  There  remains 
in  the  distillation  flask  a  resinous  mass,  whilst  the  hydrocarbons 
entirely  differ  in  their  behaviour  from  the  original  tar  oils.  In  the 
first  instance  they  are  free  from  the  peculiar,  disagreeable  smell  of  the 
brown-coal  tar  oils;  next,  their  boiling  point  is  found  to  have  con- 
siderably decreased.  Whilst  the  lower-boiling  crude  oils  are  most 
violently  acted  on  by  nitric  acid,  the  hydrocarbons  left  after  the 
oxidation,  as  specified,  may  be  easily  oxidised — just  like  coal-tar 
hydrocarbons — yielding  a  heavy  oil,  which  is  partly  soluble  in  caustic 
soda,  with  an  intense  reddish  -  brown  colour.  The  insoluble  part 
consists  of  the  nitro-derivatives  of  aromatic  hydrocarbons. 

"2.  Method  of  Partial  Bromination. 

"  The  crude  oils  were  dissolved  in  absolute  ether,  and  bromine  was 
added  until  an  evolution  of  hydrobromic  acid  was  noticeable.     It  may 

^  Joum.  Soe.  Chem.  Ind,,  1892,  135. 
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he  assumed  that  at  this  moment  all  the  non-saturated  substances  had 
directly  absorbed  bromine,  and  that  a  substitution  in  the  molecule  of 
the  saturated  substances  had  commenced  to  take  place.  On  evaporat- 
ing the  ether  and  distilling  in  a  current  of  steam,  at  first  a  light  oil 
was  obtained;  later  on,  a  heavy  oil— the  bromo-addition  product  of 
the  non- saturated  hydrocarbons — passed  over.  The  light  oils  are 
essentially  a  mixture  of  aromatic  and  saturated  aliphatic  hydrocarbons. 

"3.  Action  of  Sulphuric  Acid  of  varyixo  Strengtus. 

"  Concentrated  sulphuric  acid  acts  on  the  brown-coal  tar  oils  with 
evolution  of  largo  quantities  of  sulphurous  acid.  A  diluted  acid,  how- 
ever (2  parts  of  oil  of  vitriol  and  1  part  of  water),  dissolves  certain  sub- 
stances from  the  oils  without  giving  rise  to  the  formation  of  sulphurous 
acid.  The  author  washed  the  tar  oils  twice  with  sulphuric  acid.  After 
siphoning  off  the  acid  solution,  the  residual  oily  layer  was  washed  and 
distilled.  The  oils  thus  obtained  had  a  lower  boiling  point  than  the 
original  oils,  and  behaved  towards  nitric  acid  just  like  the  oils  recovered 
by  the  oxidation  process.  On  shaking  them  with  concentrated  sul- 
phuric acid  at  the  ordinary  tem|)erature,  sulphurous  acid  is  evolved ; 
on  cooling,  however,  the  liberation  of  sulphurous  acid  may  be  pre- 
vented. The  remaining  oils  (after  the  washing  with  concentrated 
sulphuric  acid)  seemed  to  consist  of  aromatic  and  saturated  aliphatic 
hydrocarbons.  The  substances  soluble  in  acid  yielded,  on  being  sub- 
jected to  dry  distillation,  large  quantities  of  sulphurous  acid.  The 
study  of  this  reaction  is  reserved  for  further  research  ;  the  possible 
presence  of  substances  related  to  the  thiophens  is,  however,  hinted  at. 

^*  Qiia7ititath*e  Estimation  of  the  Aromatic  Hydrocarbons  belom/ing  to 
the  Benzene  Series. — The  hydrocarbons  obtained  by  the  processes  1  and 
3  were  examined  more  closely.  An  acid -washed  fraction,  boiling  from 
80**  to  93"  C,  was  nitrated,  and  the  resulting  nitrobenzene  identified 
by  transforming  it  into  dinitrobenzene.  This  fraction  was  found  to 
contain  about  34  per  cent,  of  benzene,  which  is,  in  the  author's  opinion, 
certainly  too  low.  The  nitric  acid  solution  from  which  the  nitro- 
benzene had  been  separated  contained  solid  fatty  acids,  the  greater 
part  of  which  consisted  of  oxalic  acid.  A  fraction  of  oils  boiling 
between  100°  and  110°— obtained  by  the  first  process— contained  45 
per  cent,  of  toluene,  estimated  by  the  crystallised  dinitrotoluene. 
w-Xylene  and  mesitylene  were  found  in  higher  boiling  fractions,  and 
identified  by  the  trinitro-7n-xylene  and  the  trinitromesitylene.  The 
fraction  of  oils  boiling  from  135**  to  140°  C,  contained  about  30  per 
cent,  of  aromatic  hydi-ocarbons.  The  author  concludes  that  the  per- 
centage of  aromatic  hydrocarbons  of  the  benzene  series  decreases  with 
the  rising  of  the  boiling  points. 

*^  Quantitative  Estimation  of  tlie  AlipJiatic  Saturated  Hydrocarbons, 
A  careful  examination  of  the  oils  unacted  upon  by  nitric  acid  showed 
that  Markownikow's  naphthenes  were  completely  absent.  The  follow- 
ing table  gives  the  percentages  of  saturated  hydrocarbons  in  the  oils 
which  had  been  previously  oxidised  by  means  of  permanganate  : — 
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1 

f                    Fraction. 

1 

Boiling  Point. 

Saturated 
Hydrocarbons. 

I..        .         .         .          . 

n. 

Ill 

IV 

v.,     .      .      .      . 
VI 

Degrees  C, 
90  to  100 
135  to  140 
140  to  145 
145  to  150 
150  to  155 
155  to  160 

Per  cent. 
14-50 
17-25 
18-00 
19-75 
20-25 
21-60 

''The  amount  of  saturated  hydrocarbons  increases  as  the  boiling 
point  rises. 

"  Terpenes  could  not  be  detected  in  the  brown-coal  tar  oils,  although 
the  author  carefully  searched  for  them,  using  the  methods  suggested 
in  Wallach's  researches  on  the  terpenes.  Heusler  especially  looked 
for  pinone  and  dipentene,^  but,  as  stated,  in  vain. 

^^Indene  and  cumeronej  which  have  been  shown  to  be  present  in 
coal-tar  oils,^  were  also  absent. 

^^  Naphtludene,  however,  was  found  in  a  fraction  boiling  from  180** 
to  240"*  C,  and  identified  by  means  of  its  picrate,  from  which  pure 
naphthalene  was  isolated.  The  percentage  of  this  hydrocarbon 
amounted  to  at  least  4  or  5  per  cent.'' 

Eimmeridge  Shale. — Extensive  deposits  of  bituminous  clays, 
attaining  in  places  to  a  thickness  of  as  much  as  600  feet,  occur  in 
Dorsetshire.  These  deposits,  which  take  their  name  from  the  village 
of  Kimroeridge,  in  the  Isle  of  Purbeck,  were  worked  as  early  as  the 
sixteenth  century,  as  a  source  of  alum.  More  than  40  years  ago,  a  com- 
pany was  formed  under  the  name  of  the  Bituminous  Shale  Company, 
to  manufacture  lubricating  grease,  pitch,  naphtha,  paraffin,  varnish, 
and  paint,  as  well  as  ammonia,  by  subjecting  the  shale  to  destructive 
distillation,  and  plant  was  erected  at  Weymouth.  In  1854,  the  pro- 
perty changed  hands,  and  the  works  were  removed  to  Wareham, 
attention  being  concentrated  upon  the  manufacture  of  manure.  The 
process  of  distillation  adopted  yielded  from  a  ton  of  the  shale,  7^ 
gallons  of  naphtha,  10  gallons  of  illuminating  oil,  12  gallons  of  lubri- 
cating oil,  120  pounds  of  pitch,  11^  cwts.  of  coke,  and  a  small 
quantity  of  paraffin  wax.  At  a  later  date,  a  new  company  was  formed, 
mainly  with  a  view  to  the  production  of  mineral  oils,  and  the  works 
were  reconstructed.  This  company  was  wound  up  in  1872,  and  in 
1876  another  was  formed  to  introduce  the  carbonaceous  residue 
obtained  in  the  destructive  distillation  of  the  shale  as  a  substitute  for 
animal  charcoal,  but  the  operations  of  this  new  undertaking  do  not 
appear  to  have  been  financially  successful. 

Of  the  various  seams,  the  richest  in  bituminous  matters  appears 
to  be  that  which  was  termed  the  Blackstone.  This  bed  is  about  2  feet 
in  thickness,  and  in  laboratory  experiments,  the  meCterial  gave  39  per 


•  Joum,  Soc  Chem,  Ind.,  1889,  959 ;  1891,  788. 
*/6»(/.,  1890,  275;  1891,38. 
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cent,  of  oily  and  solid  volatile  products  (2*3  per  cent,  of  light  oil  or 
naphtha,  and  36*7  per  cent,  of  heavy  oil  containing  1*9  per  cent,  of 
paraffin),  18  per  cent,  of  gas,  water,  ammonia,  <&c.,  and  43  per  cent, 
of  coke.  In  1876,  Mr.  Patterson,  of  the  Warrington  Gas  Works, 
reported  that  a  ton  of  the  Kimmeridge  shale  yielded  an  average  of 
67*25  gallons  of  crude  oil  (containing  about  20  per  cent,  of  naphtha 
and  3  per  cent,  of  paraffin),  11  gallons  of  liquor  containing  6  per 
cent,  of  ammonia,  and  from  1,118  to  1,187  lbs.  of  coke. 

A  few  years  ago,  a  quantity  of  this  shale  was  mined  at  Portesham 
and  distilled  in  Scotland,  a  yield  per  ton  of  about  50  gallons  of  crude 
oil  and  about '38  lbs.  of  sulphate  of  ammonia  being  obtained. 
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SECTION   VIII. 

THE  TRANSPORT,  STORAGE,  AND   DISTRIBUTION   OF 

PETROLEUM. 

Early  Methods. — In  the  early  days  of  the  petroleum  industry,  the 
oil  was  transported  in  the  most  primitive  manner.  Thus,  in  Upper 
Burma  it  was  conveyed  in  earthenware  vessels  from  the  wells  to  the 
river  bank,  where  it  was  poured  into  the  holds  of  boats.  It  is  inter- 
esting to  note  that  a  rude  pipe-line  formerly  existed  at  Yenangyaung 
for  conveying  the  crude  oil  from  the  wells  to  the  river.  Writing  in 
the  Burma  Gazette  in  1874,  Dr.  Friedlander  says: — "Worth  men- 
tioning here  is  also  the  oleoduct  now  in  course  of  construction  at 
Yenanchung,  and  a  decided  improvement  upon  the  old  mode  of  trans- 
port by  chatties  in  carts.  Wholly  made  up  of  bamboos,  supported  by 
wood  stages  (the  inside  lacquered),  it  runs  with  a  gentle  slope  from 
the  wells  down  to  the  river  bank."  Dr.  Noetling  states  that  this 
pipe-line  was  completed,  but  that,  according  to  the  natives,  the  loss  by 
leakage  was  so  great  as  to  lead  to  its  immediate  abandonment. 

In  Kussia,  until  1875,  the  crude  oil  was  carried  in  barrels  on  Persian 
carts  known  as  "  arbas."  These  are  carts  with  two  wheels  of  8J  to- 
9  feet  in  diameter,  and  were  used  to  a  very  large  extent,  as  much 
as  £100,000  per  annum  having  been  paid  for  the  transport  of  the  oil 
from  the  wells  to  the  refineries.  The  body  of  the  cart  carried  one 
barrel,  and  another  was  slung  beneath  the  axle. 

THE    UNITED    STATES. 

In  America,  crude  petroleum  was  first  transported  in  iron-hooped 
barrels  made  of  oak.  These  barrels,  which  held  from  40  to  42  American 
gallons,  were  carried  by  teamsters  to  Oil  Creek  and  the  Allegheny 
river,  at  that  time  the  only  channels  of  conveyance  to  the  refineries, 
at  an  enormous  cost,  amounting  in  some  cases  to  as  much  as  three 
dollars  per  barrel  for  a  distance  of  four  miles.  Further  difficulty  and 
expense  occurred  during  the  river  transport.  The  empty  boats  were 
towed  up  Oil  Creek  by  horses  which  waded  in  the  stream,  and  when 
loaded,  were  carried  down  whenever  sufficient  water  was  produced  by 
a  freshet,  or  could  be  obtained  by  damming  the  stream.  Large  num- 
bers of  boats  were  employed  in  this  traffic,  and  as  a  whole  fleet  of  them 
proceeded  down  the  stream  together,  great  loss  from  collision  and 
grounding  ensued.  Henry ^  says  that  "as  many  as  40,000  barrels 
were  brought  out  of  the  creek  on  one  of  these  freshets,  but  the  average 

^  Early  and  Later  History  of  Petroleum,  287. 
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was  between  15,000  and  20,000.  At  Oil  City,  the  oil  was  transferred 
to  larger  boats.  At  one  time  over  1,000  boats,  30  steamers,  and  about 
4,000  men  were  engaged  in  this  tratiic.  .  .  .  During  the  freshet 
of  May,  1864,  a  jam  occurred  at  Oil  City  which  resulted  in  the  loss  of 
from  20,000  to  30,000  barrels  of  oil."  To  minimise  loss  of  oil  by  leak- 
age, the  barrels  were  coated  internally  with  glue,  but  this  was  attacked 
by  the  water  always  present  in  the  oil,  and  considerable  escape  of  oil 
still  occurred.  Bulk  barges  were  soon  introduced  on  the  Allegheny 
and  Ohio  rivers,  and  Professor  Peckham,  writing  in  1880,  says  : — "As 
now  constructed,  they  are  made  130  by  22  by  16  feet,  in  eight  com- 
partments, with  watertight  bulkheads,  and  hold  2,200  barrels.  They 
are  still  used  to  convey  oil  from  the  lower  Allegheny  to  the  refineries 
at  Mingo,  Wheeling,  Marietta,  and  Parkersburg,  and  also  to  float 
the  production  from  Burning  Springs  down  the  Little  Kanawha  to 
Parkersburg." 

In  the  latter  part  of  1862,  the  Atlantic  and  Great- Western  Railway 
canied  a  branch  into  the  oil  regions,  and  soon  after,  a  line  was  con- 
jstructed  up  Oil  Creek  to  Corry  by  the  same  company,  thus  directly 
connecting  the  district  with  New  York  and  the  West.  The  oil  was  at 
first  carried  on  the  railway  in  the  ordinary  barrels,  but  in  1865  or 
1866,  tank-cars  were  introduced,  consisting  of  an  ordinary  flat  car  upon 
which  were  placed  two  wooden,  tub-like  tanks,  each  holding  about 
5,000  gallons.  In  1871,  these  wooden  tanks  were  replaced  by  hori- 
zontal cylinder-tanks  of  boiler-plate,  similar  to  those  now  in  use. 

Pipe-lines. — The  first  suggestion  for  the  construction  of  a  pipe-line 
for  transporting  petroleum  appears  to  have  been  made  by  General 
S.  D.  Karns,  of  Parkersburg,  Western  Virginia,  who,  in  November, 
1860,  proposed  to  lay  a  6-inch  pipe  from  Burning  Springs  to  Parkers- 
burg, through  which  the  oil  would  flow  by  gravitation  to  the  Ohio 
river,  a  distance  of  36  miles.  This  line  was  never  made,  but  in  1862 
Mr.  L.  Hutchinson,  of  New  York,  laid  a  line  on  the  Tarr  Farm  to 
convey  the  oil  over  a  hill  to  the  refinery,  on  the  siphon  principle,  and 
a  year  later  constructed  another,  three  miles  long,  from  the  Sherman 
well  to  the  railway  at  Miller  Farm.  The  latter  line  was  provided,  at 
intervals  of  every  50  or  100  feet,  with  air-chambers  to  equalise  the 
pressure,  but  the  principal  defect  which  rendered  this  and  the  previous 
attempt  unsuccessful,  was  the  excessive  leakage  at  the  joints  of  the 
pipes. 

The  first  successful  pipe-line  was  laid  in  1865  by  Mr.  Samuel  Van 
Syckle,  of  Titusville,  the  main  improvement  being  in  joining  the 
sections  of  the  pipe  by  carefully-fitted  screw-sockets.  The  pipe  was 
laid  two  feet  underground,  and  was  four  miles  in  length.  In  1865  to 
1866,  Mr.  Harley  constructed  a  pipe-line  between  Benninghoff*  Run 
and  Shaffer  Farm,  and  later  on,  he  founded  the  Pennsylvania  Trans- 
portation Company,  and  constructed  a  pipe-line  from  the  Pennsylvania 
oil  fields  to  the  seaboard. 

Mr.  J.  H.  Harris^  gives  the  following  as  the  cost  of  transportation 
as  late  as  1st  December,  1865  : — "  By  pipe-line  from  Pithole  to  Miller 

^  BrltUh  AssocicUion  Report ^  1883. 
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Farm,  4s.  2d.  per  barrel ;  barrelling,  shipping,  &c.,  at  Miller  Farm,  Is. ; 
freight  to  Corry  by  railway,  3s.  4d. ;  freight  from  Corry  to  New  York 
by  Erie  Railway,  14s.  €d. — making  a  total  cost,  for  transportation,  of 
23s.'  per  barrel.  Or,  by  another  route,  transportation  by  pipe-Una 
from  Pithole  to  the  Allegheny,  4s.  2d. ;  freight  on  the  Allegheny  to 
Pittsburg,  6s. ;  wharfage,  loading,  <kc.,  at  Pittsburg,  Is. ;  freight  from 
Pittsburg  to  New  York  by  Pennsylvania  Railway,  9s.  3d. —  total, 
20s.  5d." 

In  1875,  a  four-inch  pipe-line  about  60  miles  in  length  was  laid 
from  the  lower  oil  country  to  Pittsburg,  and,  by  1876,  the  opposition 
of  teamsters  and  others  having  been  overcome,  mainly  by  rigorous 
punishment  of  those  who  tampered  with  the  pipes,  eight  or  nine 
distinct  pipe-line  companies  were  in  operation  in  the  oil  regions. 

Up  to  1876,  the  oil  was  largely  refined  in  the  neighbourhood  of  the 
wells,  but  it  was  found  that  the  important  refineries  at  Cleveland, 
Pittsburg,  Buffalo,  Boston,  New  York,  Philadelphia,  and  Baltimore, 
were  better  situated  for  the  disposal  of  the  burning  oil  and  other 
products  of  distillation.  The  conveyance  of  crude  petroleum  to  these 
centres,  therefore,  rapidly  acquired  such  importance,  that  a  combina- 
tion was  effected  between  the  United  Pipe  Lines  Company  (comprising 
an  association  of  the  principal  local  lines),  the  Standard  Oil  Company 
of  Cleveland,  the  American  Transfer  Company,  and  others,  the 
National  Transit  Company  being  thus  formed. 

The  trunk  lines  are  now  controlled  by  the  National  Transit  Com- 
pany, the  Tide- Water  Pipe  Company,  Limited,  the  Octave  Pipe  Line, 
the  South- Western  Pennsylvania  Pipe  Lines,  the  Eureka  Pipe  Line 
Company,  the  Buckeye  Pipe  Line  Company,  the  Southern  Pipe  Line 
Company,  the  Charles  Miller  Pipe  Line,  the  Western  and  Atlantic 
Pipe  Line,  the  Elk  Pipe  Line,  the  Crescent  Pipe  Line  (Mellon  Line), 
the  Producers'  Pipe  Line,  the  Producers'  and  Refiners'  Oil  Company, 
Limited ;  the  United  States  Pipe  Line  (Emery  Line),  and  the  New 
York  Transit  Company.  The  first  two  mentioned  are  the  most 
important. 

The  following  account,  derived  from  a  report  by  Mr.  Folger,^  shows 
the  extent  of  the  various  pipe-lines  in  1892.  The  trunk  line  laid  next 
after  the  line  from  the  lower  oil  country  to  Pittsburg,  already  men- 
tioned as  laid  in  1875,  was  a  Hue  to  Cleveland,  consisting  of  a  6-inch 
line  from  Bear  Creek  to  Hilliards,  the  first  pumping  station,  and  from 
there  a  5-inch  line  to  Cleveland.  The  total  length  is  about  111  miles. 
The  trunk  line  to  Philadelphia  starts  at  Colegrove  in  M*Kean  County, 
and  extends  about  235  miles  to  Philadelphia,  6-incli  pipe  all  the  way. 
From  Millway,  the  last  pumping  station  before  reaching  Philadelphia, 
a  5-inch  branch  runs  down  to  Baltimore,  a  distance  of  about  66  miles. 
The  Buffalo  line  is  about  56  miles  long,  having  its  initial  point  at 
Olean,  N.  Y.  It  is  4-inch  pipe.  The  New  York  line  consists  of  two 
6-inch  pipes  starting  at  Olean,  N.  Y.,  and  running  parallel  to  each 
other  through  the  southern  counties  of  New  York  State,  to  Saddle 

1  "Petroleum :  Its  Production  and  Products,"  Anntial  Report  of  the  Bureau  of 
Industrial  StcUistics,  Pennayloania,  1893. 
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Biver,  N.   J,,  where  the  lines   separate ;    one   going   down    to   the 
refineries  at  Bayonne,  N.  J,,  and  the  other  going  under  the  North 


and  Bast  Rivera  to  the  refineries  at  Hunter's  Point,  on  Long  Island. 
In  addition  to  the  two  parallel  6-inch  lines,  the  New  York  line  is 
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looped  at  many  of  the  stations — ^that  is,  extra  lines  are  put  in  to 
relieve  the  pressure  on  the  other  lines,  and  so  increase  somewhat 
their  capacity — thus  making  the  total  length  of  pipe  used  762  miles, 
the  distance  traversed  by  the  line  being  313  miles.  Fig.  166  shows 
the  profile  of  the  country  traversed  by  the  line,  the  highest  elevation 
above  the  tide-line  being  2,490  feet 

The  Tide- Water  line  of  6-inch  pipe  extends  from  Rixford  in  M*Kean 
County,  to  the  refinery  of  the  Tide-Water  Oil  Company,  Limited,  at 
Bayonne,  N.  J.,  a  distance  of  284  miles. 

The  Southern  Trunk  line  starts  from  Morgantown,  W.  Va.,  and 
extends  to  Philadelphia,  a  distance  of  274  miles.  This  line  is  com- 
posed of  6-inch  and  8-inch  pipe,  the  total  length  of  pipe  being  about 
364  miles. 

The  table  below  shows  the  actual  length  of  each  trunk  line.  In 
addition  to  these  there  are  many  other  large  lines  connecting  the 
various  systems  and  different  oil  fields.  For  example,  between  Kane 
and  Bear  Creek,  a  distance  of  63  miles,  there  are  five  6-inch  lines ; 
from  Kane  to  Colegrove,  there  are  22  miles  of  8-inch  pipe;  from 
Colegrove  to  Glean,  30  miles  of  8-inch  pipe.  The  total  length  of  pipe, 
including  these  large  connecting  lines  and  the  double  lines  and  loops, 
is  nearly  3,000  miles. 


Pittsburg  Line,  4-inch  pipe — 
Bear  Creek  to  Pittsburg, 

Buffalo  Line,  4-inch  pipe — 
Olean  to  Buffalo,  . 

Cleveland  Line,  5-inch  pipe — 
Bear  Creek  to  Simpson, 
Simpson  to  Warren, 
Warren  to  Mantua, 
Mantua  to  Cleveland,   . 


MUes. 
55 

56*25 


Philadelphia  Line,  6-iDchpipe — 
Colegrove  to  Hunt's  Kun, 
Hunt's  Run  to  North  Point, 
North  Point  to  Pine,     . 
Pine  to  Latshaw,  . 
Latshaw  to  Millway,     . 
Millway  to  Philadelphia, 


Baltimore  Line,  5-inch  pipe — 
Millway  to  Baltimore,  . 

New  York  Line,  6-inch  pipe — 
Olean  to  Wellsville, 
Wellsville  to  Cameron  Mills, 
Cameron  Mills  to  West  Junction, 
West  Junction  to  Catatonk, . 
Catatonk  to  Osborne  Hollow, 
Osborne  Hollow  to  Hancock, 
Hancock  to  Cochecton, 
Cochecton  to  Swartwont, 
Swartwont  to  Newfoundland, 
Newfoundland  to  Saddle  River, 
Saddle  River  to  Bayonne,  N.  J., 
Saddle  River  to  Hunter's  Point,  N.  Y., 
Total  (with  loopings). 


MUes. 

29-81 
30-23 
22-16 
28-69 

Miles. 
23-41 
25-90 
25-73 
45-40 
51*94 
62-50 


.110-79 


234-88 
65-80 


MUes. 
28-54 
27-91 
29-74 
27-37 
27-99 
29-86 
26-22 
28-94 
29-00 
28-77 
16-29 
12-26 


762-01 
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Tide  -  Water  Line,  6-inch  pipe — 
Rizford  to  Olmstead,    . 
Olmstead  to  County  Line, 
Coanty  Line  to  Mnncy, 
Mnncy  to  Shaman, 
Shuman  to  Hudsondale, 
Hndsondale  to  Changewater, 
Changewater  to  Bayonne,  N.  J., 


Southern  Line,  8-inch  and  6-inch  pipe — 
Morgantown  to  Watson, 
Watson  to  State  Line, . 
State  Line  to  Knepper, 
Knepper  to  Millway,    . 
Millway  to  Philadelphia, 

Total  (with  loopings). 


MUes. 

287 

360 

53-5 

33-9 

27*65 

52-5 

51-6 

MUes. 
33*88 
35-82 
66-67 
76-42 
62-50 


283  75 


364 -21> 


Crescent  Pipe  Line  {Mellon  Line),  5-inch  pipe —  Miles. 

Oregon  to  Millbank,      ....       about  4S 


Millbank  to  Ingleside,  . 
Ingleside  to  Sax  ton, 
Saxton  to  Mount  Holly, 
Mount  Holly  to  Florinal, 
Florinal  to  Linwood,     . 


t* 


11 


11 


11 


11 


24 
30 
55 
40 
60 


267 


United  States  Pipe  Line  {Emery  Line),  double  line,  4-inch 
and  5-inch  pipe —  Miles. 

Titusville  to  Tarnort,  ....       about  65 
Tarport  to  Weatneld,    .        ,        .  ,,60 

Westfield  to  Athens n      ^^ 

Total  (two  lines),      .        .        .      


360 


Since  Mr.  Folger^s  report  was  written,  the  author  has  been  informed 
by  the  Hon.  Lewis  Emery,  jun.,  of  Bradford,  Pa.,  that  the  United 
States  line  has  been  extended  from  Athens  to  Wilkesbarre,  a  further 
distance  of  '64  miles,  making  a  total  of  488  miles.  One  of  the  lines 
is  employed  for  transport  of  refined  petroleum  (kerosene). 

In  addition  to  the  trunk  lines  carrying  Pennsylvania  crude  oil, 
there  is  a  network  of  2-inch  pipes  that  cover  the  producing  country, 
and  serve  as  feeders  for  the  trunk  lines. 

Where  the  New  York  trunk  lino  passes  under  the  Hudson  River,  it 
is  jacketted — that  is  to  say,  one  pipe  is  placed  inside  another,  with 
tight-fitting  sleeve  joints.  The  jacket-pipe  has  its  ends  separated  by  a 
distance  of  12  inches  to  permit  the  inner  pipe  to  be  screwed  home. 
The  12-inch  gap  is  afterwards  covered  by  a  sleeve  and  the  space  is 
filled  in  with  molten  lead.  The  line  is  held  in  place  in  the  river 
l)ed  by  two  sets  of  heavy  chains  lying  parallel  with  the  pipe  on 
either  side  about  25  feet  from  it.  Guide  chains  connect  the  pipe  with 
the  main  chains,  and  an  anchor  weighing  a  ton,  and  connected  to  each 
guide  chain,  keeps  the  whole  in  place.  The  line  crossing  the  salt 
marshes  near  the  river  is  laid  in  a  wooden  casing  lined  with  hydraulic 
cement  to  prevent  corrosion. 

Only  a  rough  estimate  of  the  length  of  the  2 -inch  branch  lines, 
which   belong  to  the   various   well  owners,  can  be  arrived  at.      A 
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representative  of  the  Standard  Oil  Company,  appearing  before  a 
committee  of  the  State  Legislature,  in  February,  1891,  stated  that 
the  total  length  of  lines  transporting  Pennsylvanian  crude  oil  was 
undoubtedly  25,000  miles.  The  trunk  pipe-lines  are  made  up  in  18- 
foot  lengths  of  specially  made  and  tested  lap-welded  wrought-iron  pip© 
known  as  "  oil-line  pipe."  The  lengths  are  connected  by  long  sleeve 
couplings  cut,  as  are  the  ends  of  the  pipes,  with  coarse  and  sharp  taper 
threads,  nine  to  the  inch,  the  taper  being  usually  three-quarter  inch  to 
the  foot,  for  4-inch  pipe.  The  lines  are  usually  laid  two  or  three  feet 
below  the  surface  of  the  ground,  and  are  provided  at  intervals  with 
bends,  to  allow  for  expansion  and  contraction  under  changes  of  tem- 
perature. 

The  section  of  line  between  each  pair  of  stations  is  in  charge  of  a 
'Minesman,*'  who  walks  along  the  line  to  look  for  small  leakages,  tkc. 
To  remove  obstructions  in  the  pipes  caused  by  the  separation  of  solid 
paraflfin,  or  collection  of  sediment,  an  automatic  rotary  scraper  is 
forced  through  with,  and  at  the  same  speed  as,  the  oil  (about  three 
miles  per  hour).  The  instrument  makes  sufficient  noise  to  be  heard 
outside,  and  was  formerly  followed  by  workmen,  who  could  thus 
locate  an  obstruction;  but  this  is  no  longer  thought  necessary. 
The  scraper  is  known  as  a  "go-devil,"  and  has  been  made  in  various 
forms.  That  now  in  use  has  a  ball  and  socket  joint  at  the  centre  to 
permit  of  its  passing  the  bends  of  the  pipe.  The  spindle  is  fitted  with 
radial  steel  blades,  which  scrape  the  pipe,  and  with  oblique  vanes, 
which  cause  it  to  rotate  as  it  advances.  The  "go-devil"  is  provided 
at  both  ends  with  three  arms,  each  terminating  in  wheels,  which  serve 
to  keep  it  in  the  proper  position  in  the  pipe.  The  apparatus  falls  into 
a  catch-box  at  the  end  of  the  pipe,  on  the  completion  of  its  journey. 

Pumping  Oil  through  Pipe-Lines. — Mr.  J.  H.  Harris  has  given 
some  interesting  particulars^  of  the  development  of  the  pipe-line  system 
of  transportation  in  the  United  States,  particularly  as  regards  the  pump- 
ing plant  employed.  The  oil  was  formerly  forced  through  the  jnpes 
by  single-cylinder  or  "donkey"  pumps,  the  steam  cylinders  of  which 
were  in  some  cases  of  a  diameter  of  30  inches,  the  ram  being  only  4  or 
5  inches.  Owing  to  the  excessive  strain  and  jar  produced  at  each 
stroke,  the  pipes  were  found  to  constantly  require  repair,  and  the 
expense  thus  entailed  was  prohibitive.  The  type  of  pump  now  in 
use  was  introduced  for  the  purpose  by  Mr.  Henry  R.  Worthington, 
and  first  put  into  operation  near  Bradford,  on  the  Erie  Railway.  "The 
result  of  the  working  of  this  machine  was  to  revolutionise  the  entire 
transportation  of  petroleum.  It  exceeded  even  the  maker's  anticipa- 
tions. The  action  of  this  pumping  engine  under  these  severe  condi- 
tions was  as  quiet  and  as  free  from  harshness  of  motion  as  could  be 
desired.  The  movement  of  the  column  of  oil  through  the  pipe  was 
uniform  and  constant,  and  whereas,  under  the  old  system  of  single- 
cylinder  pumps,  the  column  of  oil  came  to  a  stop  at  the  end  of  each 
stroke,  with  a  variation  of  pressure  on  the  gauge  of  several  hundred 
pounds,  with  the  Worthington  type  there  was  no  stoppage,  but  a  con- 

*  British  Association  Report ^  1885. 
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Btant  flow  from  the  starting  to  the  stopping  of  the  engine,  and  an 
almost  uniform  pressure  on  the  gauge.  From  1878  to  1882,  the 
building  of  trunk  lines  to  the  seaboard  was  continuous,  and  refining 
of  oil  in  the  oil-regions  proper,  either  remained  stationary,  or,  as 
the  different  refineries  were  destroyed  by  fire  (a  fate  which  over- 
takes them  all  sooner  or  later),  refining  was  discontinued,  while  on 
the  seaboard  and  lakes,  large  and  extensive  refineries  were  erected." 

On  the  New  York  line  there  are  eleven  pumping  stations,  each 
comprising  a  boiler-house,  a  pump-house,  a  telegraph  oflfice,  and  two 
or  more  tanks.  The  station  is  provided  with  two  pump3,  each  having 
twenty-eight  suction  and  twenty-eight  supply  valves.  The  pump  has 
a  double-stroke  action,  and  moves  forward  a  barrel  of  oil  at  each  stroke, 
overy  seven  seconds,  both  day  and  night.  The  pumps  are  worked  by 
compound  condensing  engines,  and  are  provided  with  pressure-gauges 
and  with  indicators  which  register  the  quantity  of  oil  pumped.  In 
1885,  the  average  amount  pumped  through  the  New  York  line  was 
about  28,000  barrels  daUy,  the  average  "  head "  due  to  friction  and 
elevation  of  the  pipe-line  being  about  900  lbs.,  sometimes  rising  to 
1,200  or  1,500  lbs.  (i.e.,  a  head  of  from  2,175  to  3,450  feet),  according 
to  the  piston-speed  of  the  pump. 

The  engines  on  the  main  6-inch  lines  are  from  600  to  800  H.P.; 
those  on  the  4-inch  and  5-inch  lines  being  from  150  to  200  H.P.,  and 
on  the  local  lines  from  25  to  30  H.P.  Each  pump  has  two  steam- 
jacketed  high-pressure  and  two  low-pressure  cylinders,  each  set 
working  tandem  and  direct-acting.  Each  pair  of  cylinders  actuates 
two  single-stroke  rams  packed  externally,  and  in  passing  from  the 
high-pressure  to  the  low-pressure  cylinder,  the  steam  traverses  a 
receiver,  in  which  it  becomes  heated.  The  valve  boxes  are  divided 
into  small  chambers,  with  leather-lined  metal  valves  having  a  small 
lift,  but  large  surface.  The  following  are  the  dimensions  of  a  pump  of 
440  horse-power : — 

Inches. 
Diameter  of  low-pressure  steam  cylinder,  ....        66 

Diameter  of  high-pressure  steam  cylinder,        ....        33 

Diameter  of  plungers, 91 

Stroke, 37f 

Average  duty,  105,000,000  foot-pounds  per  100  lbs.  of  coal. 
Rated  capacity,  1,500,000  gallons  against  a  pressure  equal  to  2,000 
feet  nead  of  water. 

A  pair  of  compensating  cylinders  and  plungers  at  the  outer  end  of 
the  rams  maintain  an  even  pressure  along  the  line.  The  cylinders  are 
each  mounted  vertically  on  trunnions,  and  a  heavy  pressure  from  an 
accumulator  tends  to  thrust  the  plungers  outwanls.  As  the  main- 
pump  rams  move  outwards,  the  cylinders  swing  on  their  trunnions 
into  an  increasingly  oblique  position,  while  their  rams  are  forced  out- 
wards and  reinforce  the  action  of  the  steam,  the  pressure  of  which  is 
diminishing  from  expansion.  On  the  return  stroke,  the  cylinders 
return  to  the  vertical  position,  and  their  rams  are  forced  back  by  the 
high-pressure  steam,  against  the  accumulator  pressure.  Thus,  the 
power  of  the  outer  and  inner  strokes  of  the  pump  is  nearly  equalised, 
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and  the  oil  in  the  pipe-line  is  kept  in  constant  and  regular  motion,  the 
concussion  resulting  from  an  intermittent  flow  being  obviated. 

The  National  Transit  Company  are  now  using  large  triple-expansion 
fly-wheel  engines  for  the  trunk  line  service.  At  each  station,  there  is 
generally  one  such  engine  and  a  low-duty  engine  for  relief  work.  In 
each  station  having  a  high-service  pump,  there  are  seven  or  eight  hori- 
zontal tubular  boilers  of  80  to  100  H.P.  each.  They  are  placed  in  a 
brick  house  40  feet  square,  with  a  roof  of  corrugated  iron,  and  six  are 
tired  at  a  time.  On  the  Tide- Water  line,  the  pumping  stations  are 
placed  at  distances  apart  varying  with  the  incline. 

Storage  of  Crude  Petroleum. — The  oil  is  received  at  each  station 
in  one  or  more  tanks  made  of  boiler-plate,  and  from  these  it  is  pumped 
to  similar  tanks  at  the  next  station.  In  some  cases,  loops  have  been 
laid  round  stations,  and  oil  has  been  thus  pumped  direct  through  a 
length  of  110  miles. 

The  oil  received  from  the  individual  wells  is  measured  by  the  owner 
and  the  pipe-line  company's  officer,  and  the  owner  is  credited  with  the 
amount  in  the  company's  books.  By  this  system,  of  course,  all  the  oil 
goes  into  the  common  stock,  so  that  no  producer  can  afterwards  obtain 
his  own  oil,  but  only  an  equivalent  quantity  from  the  stock  tanks. 
Specially  heavy  oils,  such  as  that  of  the  Franklin  district  and  of 
Smith's  Ferry,  are  therefore  transported  in  barrels. 

The  tanks  used  at  the  wells  are  usually  circular  and  of  wood.  They 
commonly  hold  about  250  barrels,  but  are  sometimes  of  two  or  three 
times  that  capacity.  As  soon  as  the  well  is  found  to  yield,  the  tank  is 
connected  by  a  2-inch  pipe  with  the  trunk  line.  Three  per  cent,  of 
the  oil  is  deducted  for  **  shrinkage"  or  loss  during  transport,  an  agreed 
proportion  is  credited  to  the  landowner,  and  the  remainder  is  credited 
in  the  company's  books  to  the  producer.  The  oil  may  be  transferred 
to  a  purchaser  by  a  written  order  or  **  certificate,"  which  is  negotiable 
similarly  to  a  cheque.  The  Oil  Exchanges  deal  only  in  certificates  for 
1,000  barrels,  but  smaller  quantities  are  saleable.  Any  oil  destroyed 
by  fire  is  deducted  pro  rata  from  the  total  stock.  The  company  allows 
thirty  days'  free  storage,  but  afterwards  makes  a  charge  per  barrel  per 
month  until  the  oil  is  withdrawn.  Large  storage  tanks  at  convenient 
stations  are  owned  by  the  National  Transit  Company.  They  are 
usually  made  90  feet  in  diameter  by  30  feet  in  height,  and  have 
slightly  conical  wooden  roofs  covered  with  sheet-iron.  Their  capacity 
is  35,000  barrels.'^  They  are  placed  upon  the  carefully-levelled  ground 
without  any  foundation.  Professor  Peckham  quotes  the  following 
specification,  used  by  the  United  Lines  in  making  contracts,  as  giving 
a  good  idea  of  the  construction  of  these  tanks  : — 


United  Pipe  Lines  Specifioation  for  a  35,000  Barrel  Tank. 

Dimensions. — Tank  to  be  90  feet  in  diameter  and  30  feet  high,  and  to  be  com- 
posed of  seven  rings. 

Sheets. — The  first  ring  to  be  of  No.  00  (Birmingham  gauge),  weighing  13*64  lbs. 
per  square  foot.     The  second  ring  to  be  of  No.  0  (Birmingham  gauge),  weighing 
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12*04  lbs.  per  square  foot.  The  third  rinff  to  be  of  No.  ]  (Binningham  ^age)» 
weighing  11  '40  lbs.  per  square  foot.  The  K>urth  ring  to  be  of  No.  2  (Bimamgham 
gauge),  weighing  10*40  lbs.  per  square  foot.  The  fifth  riu^  to  be  of  No.  3  (Birmiug- 
^^'^"^  g<^uRc)f  weighing  9*55  lbs.  per  square  foot.  The  sixth  ring  to  be  of  No.  4 
(Birmingham  gauge),  weighing  8*83  lbs.  per  square  foot.  The  seventh  ring  to  be 
of  No.  6  (Birmingham  gauge),  weighing  8*15  lbs.  per  square  foot.  The  bottom  to 
be  of  No.  6  (Birmingham  gauge),  with  five  sketch  plates,  weighing  8*15  lbs.  per 
square  foot. 

Angle-iron. — The  bottom  angle-iron  to  be  4  by  4  by  ^  in.  The  top  angle-iron 
to  be  2  by  2  by  I  in. 

Rivets. — The  bottom  angle-iron  and  first  ring  to  be  riveted  with  -f-inch  rivets  ; 
the  second  and  third  rings  with  J -inch  rivets  driven  hot ;  and  the  remaining  rings 
with  |-inch  rivets  driven  cold.  The  vertical  seams  of  the  first,  second,  third,  and 
fourth  rings  to  be  double-riveted. 

Roof. — The  roof  to  be  conical,  with  a  rise  of  at  least  5  feet  6  inches  to  the  centre 
(1*2  inch  to  the  foot),  and  to  be  covered  with  No.  20  iron,  painted  on  both  sides 
and  riveted  to  the  top  angle-iron.  The  ends  of  the  rafters  supporting  the  roof 
must  not  rest  on  the  angle-iron,  but  upon  posts  placed  next  to  the  shell  of  the 
tank  inside. 

Manhole.— The  manhole  to  be  of  wrought-iron  tbrou^n^hout,  and  20  inches  in 
diameter,  and  be  placed  10  inches  from  the  bottom  of  the  first  ring,  iu  the  sheet 
adjoining  that  in  which  the  outlet-valve  is  placed. 

Hatches. — There  shall  be  two  hatches  m  the  roof,  each  2(  by  3  feet,  provided 
with  suitable  covers.  One  of  the  hatches  shall  be  directly  over  the  outlet-valve, 
the  position  of  the  other  to  be  determined  by  the  superintendent  of  the  United 
Pipe  Lines. 

Swing-pipes. — There  shall  be  two  swing-pipes,  one  of  6j-inch  casing  for  oil,  and 
one  of  1^-inch  pipe  for  water;  each  pipe  to  be  30  feet  long  and  to  have  50  feet  of 
chain  listened  to  it  by  clamps,  the  chain  for  the  G^-inch  pipe  to  be  ^V  inch,  and 
the  chain  for  the  l^-inch  pipe  to  be  ^  inch. 

Flanges. — The  flange  for  the  pipes  to  be  of  wrought-iron,  and  securely  riveted 
to  the  tank ;  the  flange  for  the  O^-inch  pipe  to  be  at  least  1}  inch  thick  where  the 
thread  is  cut. 

Valves  and  Connections. — The  oil- valve  to  be  a  6- inch  iron  body,  brass- 
mounted,  flanged  gate-valve.  The  connections  for  the  oil  swing-pipe  to  consist  of 
one  6-inch  nipple  (eight  threads  to  inch),  with  10  inches  of  thread  on  one  end  and 
ordinary  thread  on  other  end.  One  6-inch  elbow  (eight  threads  to  inch)  on  one 
end,  and  Gj-inch  casing  thread  on  other  end.  One  6-inch  nipple,  18  inches  long, 
ordinary  threads  .both  ends  (eight  threads  to  inch).  The  water-valve  to  be  a 
1^-inch  iron-body  screwed  gate-valve.  The  water  connections  to  be  one  1^-inch 
nipple  with  G  inches  of  thread  on  one  end  and  ordinary  thread  on  the  other. 
One  1^-inch  nipple,  6  inches  long,  with  ordinary  thread  both  ends.  Two  Li-inch 
elbows. 

Windlass. — There  shall  be  a  windlass  over  one  of  the  hatches  to  raise  the  swing- 
pipes. 

Stairs. — The  stairs  to  be  substantially  constructed,  and  furnished  with  a  gate. 
The  tank  to  be  carefully  painted  with  red  paint,  and  to  be  completed  in  every  part 
in  a  thorough  and  workmanlike  manner. 

Specifications  under  which  the  storage  tanks  of  many  of  the  pipe- 
lines are  built  are  given  in  the  table  on  p.  477. 

Transport  by  Rail. — The  tank-cars  now  employed  in  the  United 
States  for  railway  transport,  are  constructed  with  horizontal  cylindrical 
boiler-plate  tanks,  furnished  with  a  dome  similar  to  that  of  a  steam 
boiler.  Fig.  167  shows  a  number  of  these  cars  at  a  railway  siding, 
together  with  the  arrangements  employed  for  simultaneously  charging 
a  train  of  them.  An  orifice  is  provided  in  the  top  of  the  dome  for 
filling,  and  a  valve  at  the  bottom  of  the  tank  for  discharging.     The 
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UBiial  Gize  of  the  tanks  wns  formerly  about  24  feet  6  incbeB  in  length, 
and  5  feet  6  inches  in  diameter,  and  the  capacity  from  4,500  to  5,000 
eallons  (American);  but  tanks  about  32  feet  in  length  and  6  feet  in 
diameter,  holding  8,000  gallons  (Americau)  are  now  employed.  The 
ends  of  the  tank  are  slightly  convex,  and  are  of  ^V'^'^''  plate,  the 
bottom  being  of  quarter  and  the  upper  part  of  ^\-ioch  plate.  The 
tank  is  fastened  to  the  truck  by  iron  bands,  to  ])revent  movement 
from  vibration  or  from  sudden  stoppage   of  the    train.      The   total 


i\g.  lUT  (Irom  a  photograph.) 
number  of  tank  railway  cars  in  use  in  the  United  StatCD  is  between 
nine  and  ten  thousand.  Fig.  168  shows  the  form  of  loading  rack 
employed  for  charging  all  the  tanks  in  a  train  simultaneously.  A 
raised  platform  extends  along  the  side  of  the  railway  for  h  distance 
equal  to  the  maximum  length  of  the  tank  train,  and  at  about  the 
height  of  the  tops  of  the  tanks.  The  rear  uprights  of  the  framework 
on  which  the  platform  is  laid,  extend  uj^waids,  and  are  recessed  at  the 
top  to  form  supports  for  the  filling-pipes,  which  are  6  inches  in 
diameter,  and  are  provided  with  T  branches  at  intervals  equal  to  the 
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distance  between  the  domes  of 
two  tanks  cars.  Each  T  piece 
is  fitted  with  a  short  length  of 
upright  pipe,  furnished  with  a 
tap,  and  with  a  sleeve  or  draw- 
pipe  for  placing  in  the  opening 
in  the  tank-dome.  By  means  of 
such  a  rack,  one  man  can  charge 
a  whole  train  in  about  half  an 
hour. 

Transport  and  Distribution 
of  Kerosene. — In  the  United 
States,  the  distribution  of  kero- 
sene is  principally  effected  by 
means  of  tank  barges,  tank  rail- 
way cars  (already  described),  and 
tank  road  wagons,  but  wooden 
barrels,  steel  or  iron  drums,  and 
tin  cases  of  various  sizes  are  also 
employed.  Some  of  the  tank 
barges  are  as  much  as  125  feet 
in  length  by  30  feet  beam,  and 
carry  half  a  million  gallons  of 
oil.  Such  barges  are  built  of 
steel,  and  are  divided  into  three 
oil  compartments,  a  small  space 
being  left  at  the  stem  and  sU-rn 
to  give  the  necessary  buoyancy.^ 
The  tank  road  wagons  are  fitted 
with  horizontal  cylindrical  steel 
tanks,  which  are  in  some  cases 
about  8  feet  in  length  and  3^  feet 
in  diameter ;  but  the  dimensions 
vary  according  to  circumstances, 
the  large  sizes  being  used  in 
cities  having  paved  level  streets, 


^  It  is  reported  that  an  attempt  is 
to  be  made  to  introduce  the  system  of 
towing  barge  loads  of  kerosene  in  bulk 
across  the  Atlantic,  and  that  the  first 
experiment  will  shortly  be  made  with 
a  tank  barge  carrying  3,000  tons  of  oil. 
The  steam  towing  appliance  of  Shaw 
&  Speigle,  whereby  tne  strain  on  the 
hawser  is  equalised  by  the  interposition 
of  what  is  in  effect  a  steam  cushion, 
will  be  adopted.  With  this  arrange- 
ment a  steel  hawser  can  be  safely  em- 
ployed, and  it  is  expected  that,  under 
tuch  circumstances,  the  towiog  will 
be  successfully  effected. 
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the  smaller  sizes  in  the  hilly  outlying  districts,  or  in  sections 
where  the  trade  is  limited.  The  capacity,  therefore,  ranges  from  250 
to  1,000  gallons  (American).  As  already  stated,  the  organisation 
known  as  the  United  States  Pipe  Line  transports  refined  oil  by  one 
of  its  lines,  the  oil  being  thus  conveyed  from  Heno,  Oil  City,  Titus ville, 
"Warren,  and  Bradford,  to  Wilkesbarre,  Pa. ;  but,  with  this  exception, 
pipe-lines  are  not  employed  for  the  distribution  of  kerosene. 

For  shipment  from  the  United  States  by  sea,  part  of  the  kerosene  is 
barrelled,  or  put  into  cases,  but  a  very  large  proportion  is  now  transported 
in  bulk  in  82)ecially  constructed  tank  steamers,  which  will  be  hereafter 
described.  Crude  petroleum  is  also  shipped  in  bulk  in  tank  steamers, 
and  to  a  small  extent  in  bulk  sailing  vessels,  some,  however,  being  still 
exported  in  barrels.  Lubricating  oils  are  invariably  transported  in 
barrels,  and  this  method  of  carriage  is  also  adopted  for  naphtha  and 
gasoline,  though  recently  the  shipment  of  naphtha  in  bulk  by  tank 
steamer,  has  been  adopted. 

According  to  the  rules  of  the  New  York  Produce  Exchange,  petro- 
leum barrels  should  be  made  of  well-seasoned  white  oak,  and  ^should 
be  bound  either  by  six  or  eight  iron  hoops.  When  six  hoops  are  used, 
the  head  hoop  should  be  l|  inch  wide,  No.  16  gauge  (English  stand- 
ard); the  quarter  hoop  1^  inch  wide,  No.  17  gauge;  and  the  bilge 
hoop  If  inch  wide,  No.  16  gauge.  When  eight  are  used,  the  head 
hoop  should  be  1}  inch  wide,  No.  17  gauge;  the  collar  hoop  1^ 
inch  wide,  No.  17  gauge;  the  quarter  hoop  Ij  inch  wide.  No.  18 
cauge;  and  the  bilge  hoop  No.  18  gauge.  All  old  barrels,  the  gross 
(full)  weight  of  wl)ich  is  less  than  395  lbs.,  may  be  hooped  by  six 
hoops  IJ  inch  wide,  excepting  the  chime  hoop,  which  should  be 
If  inch  wide.  Barrels  are  divided  into  three  classes — (1)  capable  of 
carrying  refined  petroleum  or  naphtha;  (2)  unfit  for  such  purpose, 
but  suitable  for  carrying  crude  petroleum ;  and  (3)  suitable  only  for 
residuum. 

The  barrels  employed  in  the  shipment  of  kerosene  from  the  United 
States  are  chiefly  made  by  machinery,  the  Standard  Oil  Company 
being  able  to  turn  out  from  their  cooperage  at  Bayonne,  from  10,000 
to  12,000  finished  barrels  daily. 

The  following  description  of  the  manufacture  of  petroleum  barrels 
in  the  United  States  is  extracted  from  the  Cantor  Lectures  delivered 
by  the  author  before  the  Society  of  Arts  in  1886  : — 

"The  oak  staves  are  purchased  ready  jointed  and  seasoned  in 
Michigan,  and  the  barrel  heads  are  brought  to  the  works  ready  glued 
up.  The  first  operation  in  barrel  making  consists  in  fitting  the 
necessary  number  of  staves  together  in  a  thick  wrought -iron  ring 
encircling  their  lower  ends.  This  is  an  operation  requiring  some 
experience  and  judgment.  The  embryo  barrel  is  then  placed  in  an 
iron  cylinder  and  steamed,  whereby  the  wood  is  softened.  The  staves 
are  next  encircled  by  a  wire  rope  connected  with  an  engine,  and  are 
thus  bent  into  shape  and  drawn  together,  a  second  strong  iron  hoop 
being  slipped  on  their  upper  ends  to  hold  them  in  position.  The 
barrel  is  then  *  fired '  by  burning  some  readily  combustible  material 
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in  the  interior,  and  the  curvature. of  the  staves  thus  rendered  per- 
manent. A  numher  of  extra  temporary  iron  hoops  of  great  thickness 
are  next  slipped  on,  and  drawn  toward  the  bulge  of  the  barrel  by 
means  of  an  ingenious  arrangement  of  iron  hooks  or  claws  actuated 
by  steam  power.  The  final  operation  performed  upon  the  staves 
consists  in  placing  the  barrel  in  a  lathe,  paring  off  the  rough  ends, 
and  cutting  the  grooves  for  the  heads. 

"  The  barrel  is  then  ready  to  receive  the  heads  and  to  be  hooped. 
The  hoops  weigh  collectively  about  12  lbs.,  and  the  total  length  of 
iron  required  for  a  set,  is  443J  inches,  so  that  putting  the  out-turn  of 
finished  barrels  from  one  factory  at  10,000  per  day,  we  have  a  length 
of  about  70  miles  of  hoop  iron  (weighing  about  55 J  tons)  used  daily. 

"  In  order  to  render  the  barrels  capable  of  holding  their  fluid  con- 
tents without  leakage,  they  are  coated  internally  with  glue,  about  one 
pound  of  glue  to  three  barrels  being  required.  The  glue  solution  is 
poured  into  the  barrels  hot,  the  barrels  bunged  up,  and  rotated  so 
that  the  solution  coats  the  entire  surface,  the  surplus  being  afterwards 
drained  out.  There  is  some  pressure  of  steam  in  the  barrel  during 
the  operation,  and  a  leak  is  thus  at  once  shown.  The  barrels  finally 
receive  a  coating  of  the  well  known  blue  paint  on  the  staves,  and 
white  paint  on  the  heads.  Oil  barrels  returned  to  be  refilled  are 
often  cleaned  externally  by  an  arrsmgement  of  rapidly  revolving  wire 
brushes,  are  steamed  out,  reglued  and  repainted. 

"  Before  the  barrels  are  filled,  the  hoops  require  *  driving '  to  take 
up  the  shrinkage  of  the  wood.  This  was  formerly  done  exclusively  by 
hand,  but  Mr.  Hopper  has  invented  a  successful  machine  for  doing 
this  by  steam  power.  In  this  apparatus,  the  barrel  stands  on  a  plat- 
form arranged  like  an  inverted  steam  hammer,  and  on  turning  on  the 
steam,  it  is  brought,  with  a  succession  of  blows,  against  a  number  of 
hinged  stops,  which  closely  encircle  the  barrel  and  on  which  the  hoops 
strike.  With  one  such  machine,  the  hoops  of  2,000  barrels  can  be 
driven  in  ten  hours  by  one  man  and  two  boys — an  amount  of  work 
which  formerly  entailed  the  hand  labour  of  ten  men."  ^ 

The  arrangements  adopted  in  filling  the  barrels  are  described  at  the 
end  of  this  section,  but  it  may  here  be  mentioned  that  the  exit  pipes 
from  the  filling  rack  are  provided  with  automatic  valves  which  stop 
the  flow  of  oil  when  the  barrel  has  been  filled  to  within  a  gallon  of  its 
contents.  The  shives  with  whioh  the  barrels  are  closed  are  of  wood, 
and  are  put  in  with  glue.  A  package  which  remains  perfectly  tight 
and  free  from  leakage  as  long  as  it  is  handled  carefully,  so  that  the 
continuous  skin  of  glue  remains  intact,  is  thus  produced. 

The  tins  already  mentioned  as  being  used  for  the  carriage  of 
kerosene,  are  also  made  by  machinery,  the  plates  being  cut,  stamped, 
bent,  and  soldered  by  a  series  of  distinct  machines.  The  wooden  cases, 
each  of  which  contains  two  of  the  tins,  are  put  together  by  nailing 
machines  which  drive  in  the  whole  of  the  nails  for  each  angle  at  one 

1 A  paper,  by  Mr.  R.  H.  Kansome,  on  the  manufacture  of  wooden  barrels  by 
machinery,  wiU  be  found  in  the  Minutes  of  Proceedinga  of  the  IrutUutum  of  Cml 
JEiigineers,  czv.  (1893),  193-204. 
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operation.  At  the  Devoe  works  in  New  York,  60,000  tins  and  30,000 
cases  are  made  daily.  It  is  stated  that  40,000  tons  of  tin  plate  was 
used  in  America  in  1887  for  the  manufacture  oT  kerosene  tins.  The 
cans  each  hold  5  American  gallons  (slightly  over  4  imperial  gallons). 
The  outside  dimensions  of  the  wooden  case  are  20J  inches  long  by 
15  inches  high,  by  lOi  inches  wide,  and  the  total  weight  when  the 
cans  are  full  of  oil,  is  about  80  lbs.  The  can  is  hermetically  sealed  for 
transport,  but  is  provided  with  a  screw  cap  for  subsequent  use,  and  is 
fitted  with  a  wire  handle. 

The  case  forms  a  very  convenient  package  for  the  distribution  of 
the  oil  in  comparatively  inaccessible  districts,  where  primitive  means 
of  conveyance  are  necessarily  employed,  and  in  Eastern  countries  in 
particular,  the  empty  tins  are  of  value,  as.  they  are  converted  into 
various  domestic  utensils,  such  as  cooking  vessels  and  lamps. 

CANADA. 

In  Canada,  pipe-lines  are  also  employed,  but  the  system  has  not  been 
fully  developed  as  it  has  been  in  the  United  States,  and  the  well-owner 
therefore  frequently  conveys  his  oil  by  road  to  the  nearest  receiving 
station.  For  this  purpose,  a  long,  slightly-conical  wooden  tank  or 
barrel,  resting  on  its  side  on  a  wagon,  is  employed.  The  tank  has  a 
capacity  of  from  eight  to  ten  barrels. 

The  storage  tanks  commonly  employed  in  Canada,  are  merely  ex- 
cavations made  in  the  impervious  soft  clay  (the  "  Erie  "  clay)  occurring 
in  the  oil  district.  In  making  a  large  tank,  a  cylindrical  excavation 
60  feet  in  depth  and  rather  over  30  feet  in  diameter  is  made,  the  18 
or  20  feet  of  alluvium  above  the  clay  being  curbed  with  wood  and  well 
puddled  with  clay.  While  the  excavation  is  in  progress,  the  walls  are 
protected  by  vertical  planks  supported  by  horizontal  wooden  rings. 
The  actual  wall  or  lining  of  the  tank  is  then  constructed  of  i)lanka 
nailed  together,  the  planks  which  before  supported  the  sides  of  the 
excavation  being  removed,  and  the  space  filled  in  with  clay  carefully 
rammed  in.  The  bottom  of  the  tank  is  not  treated  in  any  way.  The 
roof  is  formed  of  planks,  and  is  rendered  watertight  by  a  layer  of  clay. 
An  8,000  barrel  tank  of  this  description  can  be  completed  in  six  weeks 
at  a  cost  of  $1,760.  •! 

Sec.  20  of  the  Mercantile  Amendment  Act  of  Ontario,  1887,  includes 
Statute  25  of  1885,  which  legalised  the  transfer  by  endorsement  of 
certificates  of  stored  crude  petroleum,  and  provides  that  storage  com- 
panies must  include  in  their  returns  particulars  of  the  total  quantities 
of  crude  petroleum  actually  held  by  them  for  the  purpose  of  answering 
such  warrants,  and  the  total  quantity  of  which  they  are  bound  to 
make  delivery,  as  warehousemen  and  carriers,  to  other  persons. 

RUSSIA. 

The  transport  of  crude  petroleum  in  Bossia  by  means  of  the  PersiaD 
"arbas''  has  already  been  referred  to.    This  method  has  long  sino». 
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n  superseded  by  the  employment  of  pipe-lines.  The  first  pipe>tine 
n  tlie  welU  to  the  refineries  at  Black  Town  (see  Fig.  169,  which  is 
en  from  tt  paper  by  Marvin  in  Engineering,  March  21,  1884)  was 
1  by  Nobel  Srothers  in  1879,  and  it  was  found  necessary  to  erect 


throughout  its  length  of  eight  or  nine  miles  a  series  of  watch-houB«a 
occupied  by  armed  men,  to  prevent  wilful  injury  to  the  pipes  by  the 
owners  of  the  arbas.  In  1864,  there  were  seven  pipe-lines,  bat  tbcr 
number  has  since  been  increased  to  twenty-two,  some  of  the  lines 
having  a  diameter  of  as  much  as  8  infhw 
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The  oil  is  stored  at  tlie  wells  in.  iron  tanks  usually  from  50  to  CO  feet 
in  diameter,  and  from  30  to  40  feet  in  beiglit.  From  theao  tnnks  the 
oil  is  conducted  to  the  pumping  stations.  There  are  several  companies 
whicli  undertake  the  transport  of  the  oil  to  the  refineries  at  a  coat  of 
about  J  copeck  per  pood. 

Nobels  were  also  the  pioneers  of  bulk  transport  by  sea,  and  in  1881 
introduced  the  use  of  tank  cars  on  the  Russian  railways.  Of  these 
cars  there  is  now  a  very  large  number  in  use  on  the  Trans- Caucasian 
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Fig.  ITO.— Map  showing  the  Nobel  System  of  Storage. 

and  other  railways.  The  tank  cars  resemble  those  used  in  America, 
*and  hold  about  10  tons  (2,700  gallons)  of  kerosene.  A  whole  train  of 
twenty-five  cars  can  be  charged  in  about  an  hour.  Many  of  the  cars 
formerly  belonging  to  the  refiners,  have  been  acquired  by  the  State 
Bailweys  by  payment  of  1,800  roubles  per  car,  subject  to  a  deduction 
of  250  roubles  for  each  year  of  previous  service,  A  car  usually  lasts 
from  eight  to  ten  years. 

Fig.  170  shows  the  system  adopted  by  Messrs.  Kobel  for  the  storage 
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Rnd  distribution  of  kerosene  in  Biisxin.  As  the  Volga  is  frozen  during 
four  months  in  the  winter,  and  but  little  oil  is  used  during  the  summer 
when  the  boats  can  run,  a  number  of  large  storage  reservoirs  were 
erected  in  convenient  distributing  centres.  The  largest  depdt  is  at 
Doninino,  near  Orel,  in  Central  Russia,  and  there  are  other  important 
ones  at  Moscow,  St.  Petersburg,  Warsaw,  and  Saratoff.  The  Orel 
reservoirs  are  thirty-two  in  number,  and  are  collectively  capable  of 
holding  18,000,000  gallons  of  kerosene.  During  the  summer,  the  oil  is 
carried  by  tank  trains  to  the  various  storage  dep6ts,  and  during  the 
winter,  it  is  similarly  distributed  throughout  the  country.     The  kero- 


sene is  conveyed  by  tank  steamers  from  the 

the  Volga,  where  it  is  transferred  to  tank  bargas  VfWabBSVft: 

Tsaritzin,  284  mi!ea  above  Astrakhan.     At  Tsaritzi 

large  storage  station,  the  oil  is  transferred  to  the  tank  cars  on  the 

railway.     In  the  office  of  Nobcl  Brothers  at  St.  Petersburg,  large-scale 

maps  are  kept,  on  which  (somewhat  as  in  the  case  of  the  ships  on  th^ 

Suez  Canal)  the  positions  of  the  trains,  as  their  arrival  at  each  station 

is  telegraphed,  are  marked  by  flags. 

Writing  in  Engineering  in  1884,  Mr.  Marvin  states  that,  although 
the  Brothers  Nobel  came  fresh  to  the  petroleum  trade  in  1875,  they 
had  in  1884,  twelve  large  cistern  steamers  for  marine  transport,  and 
twelvo  steamers  and  forty  barges  for  the  traffic  on  the  Volga,  in  addi- 
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tion  to  a  large  number  of  cbartered  schooners  and  barges  and  the 
tank  cars  alr^djr  mentioned. 


Storage. — ^fr.  T.  Urquhart  describes '  tlie  conHtruction  of  tanks 

and  reserToirs  for  crude  petroleum,  kerosene,  and  oatatki  in  Russia. 

'  Jfi'n.  qfProc.  Itut.  Civ.  Engintvrt,  IHOl,  cv.,  139. 
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The  tanks  are  made  of  boiler  plate,  and  resemble  those  described 
as  in  use  in  America.  Figs.  171  and  172  represent  two  excavated 
reservoirs  lined  with  clay  and  wood,  one  of  them  being  surrounded 
by  a  water  moat.  The  roof  of  such  a  reservoir  is  usually  made  of 
sheet  iron  laid  upon  a  light  wooden  scantling.  The  capacity  of  the 
reservoir  shown  in  Fig.  172  is  5,650  tons  of  astatki,  its  dimensions 
being  70  feet  in  width  and  112  feet  in  length. 

All  the  iron  tanks  built  at  Tsaritzin,  and  on  the  Grazi-Tsaritzin 
Railway,  are  simply  set  upon  a  bed  of  sand  about  6  inches  in  thick- 
ness on  the  levelled  ground.  The  manhole  fittings  were  formerly  of 
cast  iron,  but  as  these  were  found  to  be  liable  to  crack,  they  have  been 
replaced,  at  Mr.  Urquhart's  suggestion,  by  the  wrought  iron  fittings 
shown  in  Fig.  173.  The  new  fittings  are  stamped  out  of  half-inch 
boiler  plate,  and  are  provided  with  covers  of  wrought  iron. 

Fig.  174  represents  a  glass  gauge  fitted  to  the  tank  to  show  the 
amount  of  water  which  has  accumulated,  and  Fig.  175  represents  the 
form  of  water  extractor  used.  Both  these  appliances  are  enclosed  in 
locked  boxes,  and  the  depth  of  water  is  usually  noted  once  a  week. 
A  clack  valve  (Fig.  176)  is  in  some  cases  placed  on  the  end  of  the 
delivery  pipe  inside  the  tank  as  a  precautionary  measure.  It  is 
opened  by  a  chain  running  over  a  pulley  fixed  to  the  upper  edge  of 
the  tank,  and  is  normally  kept  closed  by  the  weight  of  the  petroleum. 

Transport  of  Kerosene.  —  The  export  of  kerosene  to  other 
countries  is  principally  conducted  from  Batoum,  where  the  oil  is 
either  shipped  in  bulk  or  in  cases,  such  as  have  long  been  employed 
for  the  shipment  of  American  petroleum.  Owing  to  the  expense  and 
difficulty  of  railway  transport  from  Baku  to  Batoum,  a  distance  of  560 
miles,  it  has  been  proposed  to  transport  the  crude  oil  by  a  pipe-line  to 
the  latter  port,  or  to  Poti,  where  it  would  be  refined. 

Mr.  G.  Stockfieth,  C.E.,  who  was  formerly  connected  with  the 
Russian  petroleum  industry,  has  recently  furnished  the  author  with 
the  following  particulars  relating  to  the  transport  of  petroleum  pro- 
ducts from  Baku.  The  kerosene  and  other  products  are  transported 
by  sea  to  various  ports  on  the  Caspian,  but  principally  to  Astrakhan. 
From  this  port,  the  kerosene  is  conveyed  by  river  to  Tsaritzin,  whence 
it  is  distributed  by  rail  for  home  consumption,  or  may  be  carried  over 
the  frontier  to  Austria  and  Germany.  A  certain  quantity  goes  also  to 
Scandinavia,  via  Libau  and  Riga.  Nearly  the  whole  of  that  which  is 
intended  for  export  is,  however,  conveyed  by  rail  to  Batoum,  and 
is  thence  shipped  to  European  and  Oriental  ports. 

Until  the  Baku-Batoum  railway  was  built,  Russian  petroleum  was 
exclusively  transported  via  Astrakhan,  and  as  the  quantity  only 
amounted  to  one-twentieth  of  the  present  production,  it  was  all 
needed  for  home  consumption,  and  was  conveyed  in  barrels.  The  late 
Mr.  Ludwig  Nobel  of  St.  Petersburg,  founded,  in  1878,  the  firm  of 
Nobel  Brothers,  and  introduced  transport  in  bulk  by  sea  and  rail. 
After  considerable  difficulty  with  the  railway  companies,  the  first 
200  tank  cars,  built  on  the  American  systen),  were  put  in  service  by 
Nobel  Brothers,  and  in  1881,  the  first  petroleum  train,  of  twenty-five 
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cars,  arrived  at  St.  Petersburg  from  Tsaritzin.     The  number  of  cars 
was  rapidly  iucreased,  and  in  1889,  the  Company  owned  nearly  2,000. 

Meanwhile,  the  Baku  industry  had  grown  with  great  rapidity,  a 
number  of  refineries  had  been  established,  and  the  Baku-Batoum 
railway  had  been  opened,  but  as  this  line  had  been  built  with  a  single 
track,  and  with  many  steep  gradients,  particularly  one  over  the  Suram 
Pass,  where  only  six  cars  could  be  hauled  at  a  time,  and  those  only  at 
a  low  rate  of  speed,  the  carrying  capacity  was  not  equal  to  the  require- 
ments. Moreover,  the  Baku  refineries  had  to  provide  tank  cars,  and 
above  all,  water  was  so  scarce  at  the  stations  that  the  locomotives  were 
sometimes  kept  waiting  for  days  before  obtaining  a  supply.  Nobel 
Brothers  then  obtained  a  concession  for  the  construction  of  a  4-inch 
pipe-line  about  60  miles  in  length,  over  the  Suram  Pass,  with  a  tank 
installation  at  each  end,  and  this  largely  facilitated  the  transport. 

Great  improvements  have,  however,  been  effected  by  the  railway 
company.  Additional  stations  with  sidings  have  been  constructed, 
a  tunnel  has  been  made  at  the  Suram  Pass,  and  tank  cars  are  now 
provided  by  the  company.  At  the  present  time,  the  transport  is 
properly  conducted,  and  is  equal  to  the  demand.  The  railway  rate 
for  the  carriage  of  petroleum  from  Baku  to  Batoum  is  9  copecks  the 
pood  at  the  present  time,  but  until  recently  was  19  copecks,  and  on 
that  basis  resulted  in  a  yearly  profit  of  4,000,000  roubles.  ^ 

The  transport  by  sea  from  Baku  is  effected  by  tank  steamers  and 
sailing  vessels,  the  latter  carrying  kerosene  in  barrels  or  astatki  in 
bulk.  There  is  a  fieet  of  about  a  hundred  wooden  sailing  ships,  of 
from  20  to  50  tons  capacity,  in  which  the  residuum  is  carried  in 
bulk  in  the  hold.  Owing  to  the  cheapness  of  the  cargo,  these  primitive 
tank  ships,  with  their  unavoidable  defects  and  sources  of  loss,  answer 
their  purpose  very  well.  Of  the  tank  steamers,  the  first  two  were 
designed  in  1878  by  Mr.  Ludwig  Nobel  in  conjunction  with  Mr. 
Sven  Almquist,  manager  of  the  Motala  shipbuilding  works  in  Sweden. 
Tank  ships  were  then  a  novelty,  and  there  was  the  further  difficulty 
that  no  suitable  works  for  building  them  existed  at  Baku  or  Astrakhan. 
The  vessels  were  accordingly  constructed  at  Motala,  and  as  they 
had  to  be  conveyed  to  the  Caspian  Sea  through  the  narrow  and  shallow 
waterway  uniting  the  Neva  with  the  Volga,  they  were  built  in  sections, 
and  after  making  the  voyage  from  Sweden  to  St.  Petersburg  and  up 
Lake  Ladoga,  were  divided  into  three,  four,  or  five  cross  sections, 
each  of  which  with  its  watertight  bulkheads,  separately  passed  through 
the  canals  and  locks  of  the  interior  of  Russia,  supported  by  special 
pontoons  on  account  of  the  shallowness  of  the  water.  This  was 
necessarily  a  slow  and  difficult  operation,  and  as  it  unfortunately 
happened  that  frost  and  a  period  of  low  water  occurred  before  the 
sections  had  reached  the  navigable  part  of  the  Volga  further  progress 
was  stopped  for  eight  months.  When  sufficiently  deep  water  was 
reached,  the  sections  were  put  together  with  bolts  and  rivets  and 
the  vessels  then  proceeded  to  Baku  to  commence  the  service,  in  which 

1  According  to  a  recent  report  by  Her  Majesty's  Consul  at  Batoum,  the  Russian 
Government  contemplate  again  adopting  the  former  rate  of  freight  at  an  early  date. 
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they  are  still  engaged  without  having  shown  any  defect.  The  success 
which  attended  this  experiment,  soon  led  to  the  general  use  of  tank 
steamers  for  the  shipment  of  kerosene  in  bulk  from  Baku. 

The  oil  carried  by  the  Trans-Caucasian  railway  is  stored  at  Batoum 
before  being  shipped  by  tank  steamers  or  in  cases  for  transport  to 
European  and  Asiatic  ports.  Batoum  has  through  the  petroleum 
industry  become  an  important  town,  although  its  development  as 
a  port  of  shipment  for  kerosene  has  been  somewhat  retarded  by  its 
being  a  Russian  strategic  position,  restrictions  having  in  consequence 
been  placed  upon  the  erection  of  storage  tanks.  The  more  important 
refiners  have,  however,  their  tank  installations  with  pipe-lines  conveying 
the  kerosene  to  a  well-built  stone  pier  where  steamers  can  load  in 
safety,  there  being  about  28  feet  of  water.  As  railway  transport  is 
now  more  expeditious  than  formerly,  the  existing  storage  capacity 
is  at  present  sufficient  for  the  requirements  of  the  trade.  Before 
the  new  pier  was  built,  it  was  often  difficult  to  load  tank  steamers 
at  Batoum,  as  in  bad  weather  the  vessels  could  not  approach  the 
wooden  piers,  and  considerable  delay  often  occurred  before  connection 
could  be  made  with  the  pipe-line  on  shore.  The  steamers  had  to 
load  at  the  stern  and  were  fitted  with  a  pipe  (the  "Batoum  pipe") 
for  this  purpose,  but  at  present  they  can  load  amidships?. 

Large  quantities  of  oil  are  shipped  in  cases  containing  two  tin  cans, 
each  of  4  gallons  capacity,  to  Asia  via  the  Suez  Canal,  and  there 
are  at  Batoum  several  case  factories,  of  which  the  one  belonging  to 
Messrs.  Rothschild  is  the  most  important. 


TANK    STEAMERS. 

The  marine  transport  of  petroleum  in  tank  steamers  has  been  very 
fully  discussed  by  Mr.  Benjamin  Martell,^  Mr.  George  Eldridge,^  Mr. 
J.  Fortescue  Flannery,^  and  others;  and  numerous  descriptions  of 
recent  tank  ships  have  appeared  in  Engineering,  The  Engiiieer,  Indus- 
tries, and  other  technical  journals.  The  subject  has  also  been  dealt 
with  by  Mr.  G.  H.  Little.* 

In  his  first  paper  on  the  subject,  Mr.  Martell  points  out  that,  at  the 
time  of  writing  (1886),  nearly  the  whole  of  the  petroleum  shipped  from 
America  was  contained  in  barrels  or  in  cases.  The  weight  of  an  ordi- 
nary barrel  of  42  gallons  capacity  is  64  lbs. — about  one-fifth  of  the 
weight  of  the  oil  it  contains.  The  net  weight  of  oil  in  barrels  which  a 
ship  capable  of  carrying  2,000  tons  of  deadweight  cargo  can  contain 
is  about  1,030  tons,  after  allowing  for  the  weight  of  the  barrels  and 
loss  by  leakage,  <fec.  The  barrels  were  said  to  cost  from  4s.  6d.  to  5s.  6d. 
each  in  the  United  States,  and  as  they  were  usually  sold  after  arrival 

1  Trans.  Irutt,  Naval  Architect/^,  July  27,  1886,  and  July  11,  1893 ;  The  Marine 
Architect,  Sept.  1,  1886,  viii.,  183;  and  Engineeriny,  July  14  and  21,  1893. 

2  Trans,  Inst,  Naval  Architects,  July  24,  1891. 

^  Proc.  Inter nat.  Maritime  Congrevtty  London  Meeting,  1893;  Shipping  Gazette 
and  Lloyd's  List,  July  22,  189.^ 

*  The  Marine  Transport  0/ Petroleum,  1890. 
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in  Londou  for  3s.  6d.  to  4s.  each,  there  was  a  loss  of  from  £350  to 
£i75  on  the  cargo  above  mentioned. 

As  regards  the  cases,  Mr.  Martell  remarks  that  the  tin  is  shipped 
from  Wales  to  the  United  States,  and  is  there  made  up  at  a  cost  nearly 
«qual  to  that  of  the  contents. 

In  a  work  of  this  character,  details  of  the  construction  of  tank 
steamers  would  be  out  of  place,  and  for  these,  reference  should 
be  made  to  tlie  publications  already  mentioned.  The  following 
description  of  the  main  principles  upon  which  such  vessels  are  de- 
signed may,  however,  be  of  interest. 

Mr.  Martell  enumerates  as  essential  features  of  construction : — 

let.  Provision  for  the  expausion  of  the  oil  under  an  increase  of  temperature. 

2nd.  Provision  for  keeping  each  tank  full  by  automatically  supplying  any  loss 
due  to  leakage  or  to  contraction  consequent  upon  a  fall  in  the  temperature  of  the 
oil. 

3rd.  Provision  for  the  escape  of  the  sases  given  off  by  the  oil. 

4th.  Special  precautious  to  prevent  tiie  passage  of  any  of  the  oil  into  the  boiler 
«pace. 

The  first  vessel  fitted  with  iron  tanks  for  the  marine  trisinsport  of 
petroleum  appears  to  have  been  the  wooden  ship  "Charles,"  which 
was  employed,  between  the  years  1869  and  1872  in  the  trade  between 
the  United  States  and  Europe,  for  the  transport  of  crude  oil.  Her 
capacity  was  794  tons,  and  she  was  fitted  with  two  rows  of  tanks  in 
the  hold  and  two  rows  in  the  'tween  decks — fifty-nine  in  all.  The 
tanks  were  entirely  unconnected,  and  there  was  no  automatic  arrange- 
ment for  keeping  them  full,  but  salt  water  was  run  into  those  which 
were  found  to  leak  during  the  voyage.  Several  other  wooden  vessels 
were  engaged  in  the  bulk  transport  trade  between  America  and  Havre 
and  Antwerp,  but  with  little  success. 

The  first  steamer  built  especially  for  this  trade  was  the  "  Faderland," 
which  had  a  gross  tonnage  of  2,748,  and  was  completed  in  1872  by 
Messrs.  Palmer  Jb  Co.  This  vessel  and  the  similarly -constructed 
"Nederland"  and  "Switzerland,"  built  in  1873  and  1874,  were,  how- 
ever, never  employed  for  the  carriage  of  petroleum,  and  the  first 
steamer  actually  employed  in  the  transatlantic  service  was  the  "  Fer- 
gusons," built  by  Messrs.  Craggs  &  Sons  in  1885.*  The  earlier  employ- 
ment of  tank  steamers  in  the  Russian  petroleum  industry  has  been 
already  referred  to. 

In  September,  1885,  Mr.  L.  V.  Sone,  of  New  York,  obtained  a 
patent  for  "Improvements  in  vessels  for  transporting  liquid  cargoes 
in  bulk,"  and  the  system  was  successfully  tested  in  the  wooden  sailing 
vessel  "  Crusader,"  of  643  tons,  which  was  fitted  up  with  forty-seven 
cylindrical  tanks  arranged  in  three  superimposed  tiers,  and  connected 
with  a  single  expansion  tank. 

According  to  the  specification  of  Mr.  Swan's  patent  for  improve- 
ments in  the  construction  of  "navigable  vessels  for  carrying  liquids 
in  bulk,  including  cargoes  of  a  volatile  character  such  as  petroleum, 

^  This  vessel  was  not  bailt  for  the  transport  of  petroleum  in  bulk,  but  was 
altered  to  adapt  it  for  that  purpose. 
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turpentine,  and  the  like,"  the  hold  is  divided  by  a  longitudinal  bulk- 
head, and  is  further  divided  by  a  series  of  transverse  bulkheads  into 
compartments  which  are  bounded  above  by  the  deck,  or  by  a  specially- 
constructed  platform.  Each  compartment  is  fitted  with  one  or  more 
expansion  trunks  containing  a  float  attached  to  a  graduated  rod  which 
passes  up  through  a  stuifing-box  and  indicates  the  height  of  the 
liquid. 

Mr.  Swan  has  also  patented  an  arrangement  in  which  the  water- 
ballast  compartments,  extending  over  the  bottom  of  the  vessel  beneath 
the  oil  tanks,  are  each  formed  with  the  top  sloping  from  the  sides  to  the 
middle,  where  a  large  trunk  way  passing  to  the  upper  deck,  is  provided. 
By  this  device,  the  centre  of  gravity  of  the  vessel  is  raised  when  in 
bsillast,  and  lowered  when  in  cargo,  and  the  vessel  is  rendered  perfectly 
seaworthy  in  either  case.  A  further  advantage  claimed  is  that  any 
oil  which  has  entered  the  ballast  space  can  be  readily  and  effectively 
displaced  by  filling  the  tanks  and  trunks  with  water,  the  apex  of 
each  water-ballast  compartment  being  so  formed  that  the  trunkway 
is  situated  at  the  highest  point.  The  steamers  "  Gltickauf "  and 
**  Vorwarts,"  each  of  3,200  gross  tonnage,  and  others,  have  been  built 
by  Armstrong,  Mitchell  &  Co.,  in  accordance  with  Mr.  Swan's  patents, 
but  the  two  vessels  named  are  constructed  without  the  "conical" 
ballast  compartments,  their  water-ballast  tanks  being  situated  fore  and 
aft,  and  being  supplemented  when  the  vessel  is  in  ballast,  by  filling 
some  of  the  oil  tanks  with  water. 

In  the  steamship  "Bakuin,"  built  in  1886  by  William  Gray  ik  Co., 
the  bulk  of  the  oil  is  carried  beneath  the  lower  deck.  The  outer  sides 
of  the  tanks  are  formed  by  the  sides  of  the  ship,  but  the  bottoms 
are  independent  of  the  ship's  bottom.  Additional  tanks  are  built 
over  the  main  tanks,  but  do  not  extend  to  the  sides  of  the  ship,  a 
principle  of  construction  which  tends  to  preserve  the  bulk  of  the  oil 
at  a  more  equable  temperature,  while  any  injury  to  the  hull,  by 
collision  or  otherwise,  would  be  less  likely  to  injure  the  tanks. 

In  his  paper  of  1893,  Mr.  Martell  gives  drawings  of  two  steamers 
in  which  the  engines  are  placed  respectively  aft  and  amidships,  and  to 
which  the  most  modern  improvements  have  been  applied.  Plate  XV. 
has  been  prepared  from  these  drawings.  To  ensure  that  they  shall 
always  be  full  of  oil,  notwithstanding  loss  by  leakage  or  diminution  of 
volume  due  to  decrease  in  temperature,  the  tanks  are  furnished  with 
the  oil  trunks  or  expansion  tanks  shown,  which  also  serve  to  hold  a 
portion  of  the  cargo  when  the  volume  of  the  oil  is  increased  by  a  rise  in 
temi>erature;  while  to  entirely  isolate  the  oil  cargo  from  the  engine  and 
boiler  space,  double  bulkheads  or  cofferdams  are  provided.  The  expan- 
sion tanks  are  usually  capable  of  receiving  about  4  per  cent,  of  the  oil 
in  the  storage  tanks.  When  the  engines  are  amidships,  four  instead 
of  two  cofferdams  are  provided. 

This  method  of  isolating  the  oil  tanks  was  adopted  in  the  earliest 
forms  of  tank  steamers,  but  it  is  only  recently  that  the  importance  of 
extending  the  cofferdam  to  the  extreme  height  of  the  upper  deck  has 
been  recognised.     Greater  security  would  be  provided  if  there  were 
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no  doorways  piercing  the  bulkheads  in  the  'tween  decks,  but  when 
they  exist,  the  bottom  of  the  doorway  should  be  at  least  18  inches 
above  the  main  deck,  and  hinged  doors,  which  can  be  screwed  up 
oil-tight,  should  be  provided.  It  is  now  usual  to  keep  the  cofferdams 
filled  with  water,  although  Mr.  Swan  considers  the  system  open  to 
objection,  as  it  transfers  the  strain  exerted  by  the  oil,  from  the  first 
to  the  second  bulkhead. 

Authorities  were  at  first  divided  in  opinion  on  the  question  whether 
the  tanks  should  be  formed  of  the  skin  of  the  ship  or  whether  they 
should  be  independent,  but  the  former  construction  is  now  always 
adopted. 

As  oil  will  leak  through  seams  which  are  quite  impervious  to  water, 
the  very  best  workmanship  and  the  utmost  care  in  riveting  are 
essential.  It  has  been  found  that  the  rivets  should  be  placed  much 
closer  together  than  usual,  that  the  holes  should  conform  well  with 
each  other,  and  that  the  *' pan-headed  *'  rivet  with  swollen  neck  under 
the  head,  is  preferable  to  the  "  plug-headed  "  rivet  formerly  used. 

The  scantlings  of  the  framing  and  plating  resemble  those  of  ordinary 
cargo  vessels,  but  the  web-frames  require  to  be  more  closely  placed, 
and  other  details  of  construction  have  to  be  adopted  to  cope  with  the 
extra  strain  due  to  the  constant  movement  of  the  cargo,  whereby  the 
weight  is  brought  on  directly  from  the  plating  to  the  side  framing, 
instead  of  being  mainly  borne  by  the  floor,  as  is  the  case  with  solid 
cargoes.  On  account  of  this  extra  stress,  it  has  been  found  that  a 
maximum  length  of  tank  of  24  feet  cannot  be  safely  exceeded  unless 
special  precautions  be  adopted  to  further  strengthen  the  sides  and  the 
bounding  bulkheads  of  compartments  of  greater  length  (Martell), 

Where  the  engines  are  amidships,  it  is,  of  course,  necessary  to  form 
a  tunnel  for  the  shaft,  and  in  some  instances  the  tunnel  has  been  made 
double,  an  inner,  gas-tight  tunnel  being  formed,  with  an  external  one 
separated  from  it  by  a  space  of  18  inches,  ventilated  by  ordinary  cowls. 
This  arrangement  has  been  found  objectionable,  owing  to  the  danger 
of  escape  of  oil  or  gas  into  the  space  and  thence  through  the  inner 
tunnel  into  the  engine  room,  and  later  vessels  have  been  constructed 
with  a  single  tunnel  completely  shut  off  by  a  cofferdam  from  the 
engine  and  boiler  space.  The  single  tunnel  is  made  circular  and  oil- 
tight,  and  is  fitted  at  each  end  with  an  oil-tight  trunk  extending  to 
the  upper  deck  to  facilitate  access. 

The  tunnel  is  ventilated  by  large  cowls  placed  on  the  trunks,  as 
shown  in  Fig.  177,  a  fan  communicating  with  a  perforated  pipe  which 
passes  along  the  bottom  of  the  tunnel,  providing  forced  ventilation 
when  required.  A  steam  jet  ventilator  is  also  supplied  for  use  in  the 
event  of  the  fan  breaking  down. 

In  respect  to  the  question  whether  tank  steamers  are  best  fitted 
with  the  engines  aft  or  amidships,  Mr.  Martell  points  out  that  the 
difficulty  of  trimming  the  earlier  vessels  constructed  on  the  former 
system  was  so  considerable,  on  account  of  the  great  and  varying  weight 
of  fuel  aft,  that  it  led  at  one  time  to  the  general  practice  of  placing 
the  engines  amidships.     The  initial  expense,  the  decrease  in  cargo- 
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p-r.. 


ouryiag  capacity,  and  the  iacreasod  cost  of  maintenance  which  this 
entailed  have,  however,  caused  a  very  general  return  to  the  system  of 
placing  the  engines  aft.  ,  4.^  ^ '—. 

Ab  the  oil  tanks  should  be  completely  isolated 
from  the  cofferdams  theniselves,  and  from  the 
Spaces  fore  and  afc  beyond  tliem,  there  should 
be  a  system  of  pipes  and  pumps  solely  for  dis- 
charging the  contents  of  the  oil  tanks,  and  the 
b&llast  tanks  should  admit  of  being  emptied  by 
ineansof  a  separate  donkey-pump.  There  should 
also  be  a  di&tinct  means  of  draining  the  coffer- 
dams. The  oil  suctions  should  of  course  be  so 
arranged  as  to  discharge  the  cargo  as  thoroughly 


Fig.  177. 


as  pos>iI 

tanks  when  the  pump  ceases  to  draw,  the  completion  of  the  discharg* 
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being  facilitated  by  emptying  the  tanks  in  such  order,  and  by  so 
trimming  the  ship,  that  the  part  of  the  tank  where  tlie  suction  is 
situated  is  the  lowest.  When  repairs  have  to  be  eifected  in  the 
tanks,  a  more  complete  removal  of  the  oil  is  necessary,  and  for  this 
purpose  it  is  usual  to  fill  the  tanks  with  water  to  overflowing.  It  is 
therefore  desirable  that  the  construction  of  the  tanks  should  be  such 
as  to  admit,  as  far  as  possible,  of  the  displacement  of  this  residual  oil 
by  water. 

Mr.  Eld  ridge,  in  a  paper  read  before  the  Institution  of  Naval 
Architects  in  July,  1891,  on  the  **Weak  Points  in  Steamers  Carrying 
Oil  in  Bulk,"  &c.,  remarks  upon  the  necessity  for  keeping  the  cofterdams 
which  separate  the  oil  tanks  from  the  engine  spaces,  «fec.,  filled  with 
water,  as  well  as  the  advisability  of  having  them  not  less  than  four 
feet  in  width,  in  order  that  they  may  be  readily  cleaned  and  repaired. 
He  condemns  the  practice  of  employing  the  oil  pumps  and  piping  for 
filling  and  emptying  the  foremost  deep  water -ballast  tank,  which 
may  result  in  the  passage  of  oil  with  the  water  into  the  tanks,  and  the 
consequent  accumulation  of  gas  without  any  means  of  escape,  and 
insists  that  a  separate  donkey  pump  should  be  fitted  forward,  with 
suction  and  filling  pipes  for  the  deep  water-ballast  tank  and  fore  peak. 

When  a  volatile  description  of  crude  petroleum  is  transported,  the 
tank  covers  should  be  fitted  airtight,  and  each  expansion  trunk  should 
be  furnished  with  a  vapour  pipe  of  ample  size,  communicating  with  a 
main  pipe  carried  into  the  hollow  mast,  or  otherwise  so  arranged  that 
the  vapour  given  off  by  the  oil  is  discharged  at  a  safe  elevation  above 
the  deck.  If  the  vapour  pipe  is  not  of  ample  size,  and  there  appears 
to  have  been  a  tendency  to  make  it  too  small,  an  excuse  is  afforded  for 
opening  the  tank  Covers  during  loading,  to  allow  the  displaced  air  to 
escape,  or  during  discharge,  to  allow  air  to  enter. 

Mr.  B.  H.  Thwaite^  has  suggested  the  use  of  a  hydraulic  or  oil  seal 
interposed  between  the  expansion  trunks  and  the  vapour-discharge 
pipe,  with  a  view  to  the  prevention  of  passage  of  flame  to  the  contents 
of  the  tanks  in  the  event  of  the  issuing  vapour  becoming  ignited.  Any 
diminution  in  the  volume  of  the  contents  of  the  tanks,  due  to  reduc- 
tion of  temperature,  is  compensated  by  injection  of  carbonic  acid  gas 
or,  when  an  oil  seal  is  used,  by  allowing  oil  to  be  drawn  from  the  seal 
box.  The  jacketing  of  the  tanks,  or  the  provision  of  coils  within  them 
with  a  view  to  the  use  of  a  refrigerating  agent  to  cool  the  oil  when 
transport  is  taking  place  in  a  tropical  climate,  is  also  claimed  in  the 
same  specification. 

Efficient  means  of  ventilating  the  tanks  after  the  discharge  of  the 
cargo,  are  now  usually  provided,  the  arrangements  shown  in  Fig.  176 
and  described  as  employed  for  the  ventilation  of  the  shaft  tunnel,  being 
similarly  applied  to  the  oil  tanks.  The  general  adoption  of  these 
appliances  was  recommended  by  the  author  in  a  report  to  a  local 
authority  in  1889.  At  the  time  of  the  "  Tancarville"  accident  in  1891 
(referred,  to  later  in  this  section),  a  portable  exhaust-fan  in  connection 
with  the  ship's  oil-discharge  pipes  was  successfully  employed,  under. 

'  Patent  No.  ]%860,  1S8S. 
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the  advice  of  the  author,  in  ventilating  the  tanks  of  another  steamer 
which  was  undergoing  repairs  in  dry  dock,  the  heavy  vapour  being 
thus  drawn  out  from  the  bottom  of  the  oil  tanks  while  fresh  air  entered 
at  the  top.  This  system  has  been  provided  for  permanent  use  on 
several  recently-constructed  tank  steamships,  and  has  been  found  to 
work  well. 

Mr.  Thwaite  has  further  claimed  in  the  above-mentioned  patent  the 
use  of  carbon  dioxide  for  charging  the  cargo  tanks  as  the  oil  is  with- 
drawn by  the  pumps,  so  that  the  entrance  of  air  is  prevented  and  the 
risk  of  production  of  an  explosive  atmosphere  is  obviated.  Although 
the  large  quantity  of  gas  required  for  the  purpose  has  been  found  to 
present  a  serious  practical  objection  to  the  adoption  of  the  system, 
it  would  facilitate  the  process  of  discharge  of  the  oil  if  pressure  could 
be  applied  to  its  surface  by  means  of  a  compressed  gas,  for  the  vapours 
of  the  more  volatile  hydrocarbons  and  the  dissolved  gases  present  in 
crude  petroleum,  are  given  off  under  the  influence  of  the  necessary 
suction,  especially  when  the  level  of  the  oil  in  the  tanks  is  low,  and 
the  pump  does  not  receive  a  full  charge  of  oil.  This  additional  ad- 
vantage resulting  from  the  introduction  into  th6  oil  tanks  of  an  inert 
gas  under  pressure,  which  apparently  was  not  recognised  by  Mr. 
Thwaite,  since  no  claim  in  respect  to  it  is  made  in  the  patent  referred 
to,  led  the  author,  in  association  with  Mr.  Lowick,  to  consider  whether 
some  suitable  gaseous  mixture  less  costly  than  carbonic  acid  might  not 
1)0  made  available,  but  the  necessary  volume  of  even  a  far  cheaper  gas 
involves  an  expenditure  which  appears  to  be  prohibitory. 

As  exemplifying  modem  improvements  in  petroleum  tan)^  steamers, 
reference  may  be  made  to  the  principal  features  of  the  **  Delaware,*' 
completed  in  June,  1893,  by  Messrs.  Dunlop  &  Co.,  for  the  Anglo- 
American  Oil  Company.  This  vessel  is  built  of  steel,  has  a  gross 
tonnage  of  3,855  tons,  and  is  £tted  with  the  engines  aft.  She  is 
divided  into  ten  separate  compartments  by  transverse  bulkheads,  and 
these  are  divided  by  a  longitudinal  bulkhead  running  fore  and  aft 
through  all  the  tanks.  The  cofferdams  at  each  end  of  the  oil  space 
are  4  feet  wide,  and  extend  up  to  the  spar  deck.  The  expansion 
trunks  are  continuous,  and  extend  for  the  full  length  of  the  ten 
double  compartments  from  the  main  to  the  spar  deck. 

The  pumping  plant  is  of  particular  interest.  The  two  main  pumps 
were  made  by  the  Snow  Steam  Puraping-Engine  Company  of  New 
Jersey,  and  are  of  the  usual  duplex  type,  each  having  a  maximum 
outptit  of  500  tons  per  hour.  A  cargo  of  4,600  tons  of  oil  may  thus 
be  discharged  in  a  little  over  four  hours ;  but  it  is  usual  to  commence 
filling  the  forward  tanks  with  water  as  soon  as  the  oil  has  been  dis- 
charged from  them,  one  of  the  pumps  being  employed  for  that  purpose. 
By  this  method  of  working,  from  ten  to  twelve  hours  suffices  for  dis- 
charging the  oil  and  taking  in  water  ballast.* 

The  pumps  are  placed  amidships,  the  floor  of  the  pump-room  being 
7  feet  below  the  main  deck,  and  the  greatest  lift  being  about  21  feet. 
The  main  10-inch  pipe-lines  run  along  the  top  of  the  vessel's  floors  on 
either  side  of  the  central  bulkhead,  and  are  continuous  from  the 
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forward  and  after  end  tanks  to  the  centre,  where  the  two  pipes  con- 
nected with  the  forward  tanks  communicate  with  a  vertical  12-inch 
pipe,  those  passing  from  the  aft«r  tanks  being  similarly  joined  to 
another  12-inch  pipe.  These  12-inch  pipes  are  connected  with  the 
two  separate  divisions  of  a  suction-box,  arranged — on  a  plan  first 
introduced  in  the  "  Manhattan  "  tank  steamer — in  such  a  manner  that 
the  one  box,  which  contains  eight  12-inch  valves,  controls  the  suctions 
of  both  pumps,  and  enables  them  to  do  duty  from  any  suction  pipe. 

The  valve-box  is  so  arranged  that  discharge  may  take  place  on  either 
the  port  or  starboard  side,  and  the  oil  is  pumped  through  four  flanged 
pieces,  two  on  each  side  of  the  spar  deck,  at  a  distance  apart  of  about 
26  feet.  These  pieces  are  provided  w^ith  ))inged  bolts  and  portable 
covers,  which  can  quickly  be  removed.  The  pipe-lines  in  the  ship 
are  connected  with  the  various  tanks  by  valves,  the  spindles  of  which 
pass  up  to  the  spar  deck  into  sockets  having  screw  caps,  which  cannot 
be  affixed  until  the  valves  have  been  shut  down.  The  two  cofferdams 
and  the  forward  ballast  tank  are  pumped  out  by  a  separate  **  Snow  " 
pump,  which  can  also  be  employed  to  pump  from  the  cofferdams  into 
the  oil  tanks,  so  that  any  leakage  of  oil  into  the  former  may  be  saved. 
The  water-ballast  tanks  are  situated  in  the  fore-peak,  fore-hold,  and 
under  and  abaft  the  machinery  space  in  the  poop. 

The  regulations  laid  down  for  the  carriage  of  petroleum  through  the 
Suez  Canal  are  as  follows  : — 

Article  i.— Any  ship  laden  with  petroleum  oil  in  bulk  shall,  on  arriving  before 
any  port  of  access  to  the  Canal,  at  once  make  herself  known  by  flying  at  the  mizzen 
one  of  the  signals  hereafter  described,  which  shall  remain  flying  during  the  whole 
of  her  transit. 

Whenever  any  such  ship  makes  any  stay  in  port,  she  will  be  isolated  by 
means  of  floating  booms. 

Articles. — Before  obtaining  entrance  into  the  Canal,  the  captain  shall  make 
a  declaration  to  the  following  effect : — 

(1)  That  his  ship  is  specially  classed  for  the  carriage  of  petroleum  oil  in  bulk, 
in  Class  ^  Al  100  at  Lloyd's  in  London,  or  in  Class  4*  (I)  3/3  1.1.  in  the  Bureau 
Veritas. 

(2)  That  her  cargo  comprises  refined  petroleum  oil  only,  of  a  uniform  quality, 
no  sample  of  which  taken  at  the  port  of  loading  shall  have  given  a  flashing  point 
below  23"  C.  (73°  of  Fahrenheit's  thermometer),  this  temperature  having  been 
ascertained  conformably  with  such  process  of  close  test  as  may  be  recognised  and 
made  use  of  in  the  petroleum  oil  trade,  as  for  instance  the  Abel  test  or  any  other 
close  test  of  a  not  lesser  degree  of  accuracy  ; 

(3)  That  her  sole  means  of  lighting,  except  the  regulation  apparatus  for  night 
transit  and  her  mast  lights,  are  electric  incandescent  lamps,  and  that  all  her 
electrical  installations  are  in  accordance  with  the  rules  of  Lloyd's  or  Veritas  ; 

(4)  That  the  ship  is  provided  with  pumps  intended  solely  for  the  loading  and 
unloading  of  petroleum  oil,  and  having  an  effective  pumping  capacity  of  300  tons 
weight  of  oil  per  hour  at  a  minimum ; 

(5)  That  no  single  tank  in  the  ship  has  a  cubic  capacity  greater  than  200  tons 
measurement  (being  tons  of  2*83  cub.  metres,  or  100  cub.  ft.  English)  nor  can 
discharge  its  contents  into  any  adjoining  tank  through  any  aperture  or  want 
of  continuity  whatever  of  its  walla ; 

(6)  That  no  tank  is  placed  either  in  the  bows  or  stem  of  the  ship ; 

(7)  That  the  portion  of  the  ship  occupied  by  the  tanks  is  completely  separated 
from  the  forward  and  after  parts  by  aouble  oil-tight  bulkheads  forming  spaces 
wholly  filled  with  water. 

Ariidt  5.— Any  ship  laden  with  petroleum  oil  in  balk  must  be  convoyed. 
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daring  the  whole  of  her  transit  through  the  Canal,  by  a  tank-tag  constructed 
with  a  view  to  the  rapid  and  immediate  lightening  of  the  ship  in  case  of 
grounding. 

The  Company  reserve  their  right  of  approving  before  hand,  the  type  and  the 
dimensions  of  thb  tug,  which  shall,  moreover,  conform  to  all  the  provisions  of 
§5,  Art.  12.  of  the  Regulations  for  Navigation. 

The  Company  have  a  tank-tug  which  they  will  place  at  the  disposal  of  vessels 
laden  with  petroleum  in  bulk  passing  through  the  Canal,  whose  captains  may  ask 
for  it.  The  charge  for  hire  will  be  in  accordance  with  the  provisions  of  §3  of 
Art  12  of  the  Regulations  for  Navigation  relating  to  convoying  by  a  first-class  tug. 

Article  4*— During  the  whole  of  the  transit  through  the  Canal,  the  captain  shall 
take  care  that  no  one  on  board  shall  smoke,  nor  have  about  the  person  any  means 
of  obtaining  a  light. 

Article  5. — Any  ship  which,  after  having  carried  a  cargo  of  petroleum  oil  in 
bulk  ma^  require  to  go  through  the  Canal  empty  of  oil,  shall  not  be  subject  to 
the  provisions  of  these  provisional  regulations ;  but  her  captain  shall  make  a 
declaration  to  the  effect  that  he  has  carried  out  all  operations  of  cleansing, 
cleaning,  or  others,  necessary  to  avoid  the  presence  of  any  vapour  from  petroleum 
oil  in  the  tanks,  or  in  any  other  part  of  the  ship. 

Article  6. — All  the  provisions  of  the  Regulations  for  Navigation  and  any  appendix 
thereto,  not  contrary  to  the  provisions  of  these  provisional  regulations,  remain 
applicable. 

Signals  to  be  shoicn  by  ships  canning  petroleum  oil  in  bulk. 

By  day — A  red  flag  above  one  ball. 

By  night— A  white  light  between  two  red  ones. 

In  his  paper,  read  before  the  International  Maritime  Congress, 
July,  1893,  Mr.  Flannery  has  given  the  following  account  of  the  con- 
struction of  tank  steamers  for  the  Suez  Canal  traffic  : — The  machinery 
is  afb,  the  vessel  is  built  on  the  three-deck  rule,  the  cofferdams  go  right 
up  to  the  weather  deck,  and  the  poop,  bridge,  and  forecastle  are  so 
extended  as  to  be  only  8  feet  apart.  The  sides  of  the  vessel  are  carried 
up  to  the  full  height  of  the  poop,  bridge,  and  forecastle.  This  arrange- 
ment gives  almost  a  complete  double  'tween  decks  over  the  oil,  and  this, 
with  double  awnings  over  them,  was  considered  a  desirable  precaution 
for  so  warm  a  climate. 

The  tanks  are  34  feet  long,  the  greatest  length  allowed,  and  are 
divided  by  middle  line  bulkheads,  made  without  any  openings  what- 
ever, and  of  sufficient  strength  to  support  the  oil  on  either  side  should 
the  other  side  become  emptied  from  any  cause. 

The  two  bulkheads  forming  the  after  cofferdam  are  absolutely  intact, 
and  are  divided  along  the  middle  line  by  an  oil-tight  and  unperforated 
fore  and  afl  bulkhead.  Each  cofferdam  is  fitted  with  its  own  separate 
pump,  and  its  pipes  and  connections  are  independent  of  all  others  on 
the  ship.  The  expansion  trunks  are  capable  of  receiving  4  per  cent, 
of  the  capacity  of  the  oil  space  beneath,  and  are  supplemented  by  large 
hatchways,  with  movable  iron  covers  at  the  level  of  the  tank  top. 
When  carrying  general  cargo  homeward,  these  covers  are  removed,  and 
the  expansion  trunks  and  hatchways  give  access  to  the  'tween  decks 
and  holds. 

The  oil  cargo  is  dealt  with  by  doable  pipe-lines  placed  just  above 
the  level  of  the  floor,  and  as  much  as  450  tons  of  oil  per  hour  has  been 
discharged  by  this  arrangement.     One  connection  leads  from  these 
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jnpes  to  the  oil  pumps,  with  cross  connectious  and  valves,  so  that  oil 
can  be  drawn  from  or  delivered  into  any  tank,  and  another  separate 
connection  from  the  same  pipes  leads  to  a  large  ventilating  fan  6  feet 
in  diameter,  which  also  has  cross  connections,  so  that  when  the  tanks 
are  empty,  air  may  be  pumped  into  or  out  of  them.  This  ventilating 
arrangement  is  of  great  benefit,  and  while  carrying  general  cargo, 
the  &n  is  worked  for  a  short  time  each  day  to  draw  the  air  from  the 
bottom  of  each  hold,  fresh  air  filtering  down  through  the  hatchways, 
so  that  cargoes  of  rice  and  other  fine  goods  can  be  transported  in 
perfect  condition.  In  preparing  the  ship  for  receiving  general  cargo, 
after  discharge  of  the  oil,  for  the  return  journey,  the  tanks  are 
charged  with  sea  water,  which  carries  the  residual  oil  to  its  surface 
and  floods  it  out  through  an  opening  in  the  expansion  trunks.  The 
water  is  then  pumped  out  and   fresh    air   is   driven   in,  and   when 


Fig.  178. 

the  air  is  suificiently  pure,  men  are  sent  down  to  clean  out  the  tanks 
by  hand  and  then  to  whitewash  them  and  lay  down  a  flooring. 

The  difierence  in  displacement  of  these  vessels  between  North 
Atlantic  winter  and  Indian  summer  load-line,  is  500  tons,  and,  to 
provide  for  the  extra  draught  allowed  to  the  vessels  in  summer,  a 
supplementary  "summer"  tank  is  arranged  in  the  ^tween  decks. 

A  method  patented  by  Messrs.  S.  H.  Terry  and  J.  F.  Flannery,  for  the 
ventilation  of  petroleum  and  other  steamers,  was  described  by  them  in 
a  paper  read  before  the  Institution  of  Naval  Architects.^  It  comprises 
means  for  drawing  the  air  and  vapour  from  the  lower  portions  of 
the  tanks  or  other  parts  of  the  ship  by  means  of  a  fan,  the  pipes 
which  serve  for  discharging  the  oil  cargo  being  employed  wherever 
possible.  The  fan  preferred  is  of  a  type  designed  for  the  purpose  by 
Mr.  Chandler.     It  has  a  diameter  of  about  6  feet,  and  a  width  of  10 
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inches  on  the  face,  with  a  single  inlet  and  reducing  nozzle.  The  fan 
is  driven  by  a  single-acting  engine,  at  500  revolutions  per  minute, 
with  a  water-gauge  of  12  inches,  and  a  theoretical  air  velocity  of 
13,738  feet  per  minute.  With  such  a  fan,  it  has  been  found  possible 
to  renew  the  whole  of  the  air  in  a  5,000-ton  vessel  in  twenty-five 
minutes,  or  to  change  the  air  in  a  400- ton  tank  once  in  two  minutes. 

The  engine  and  fan  are  situated  aft  of  the  pumps,  oil-tight,  double- 
seated  valves  being  provided  to  connect  and  disconnect  the  pumps  and 
fan  as  required.  The  vapour  is  discharged  upwards,  or  right  aft,  or  as 
shown  in  Fig.  178,  a  four-way  flap-valve  air  trunk  may  be  provided 
for  diverting  the  issuing  vapour  to  either  side  of  the  vessel  if  desired. 
The  figure  exhibits  the  discharge  of  oil  from  one  tank,  while  the  vapour 
is  being  withdrawn  from  another. 

An  improvement  in  the  construction  of  petroleum  tank  steamers, 
recently  invented  by  Mr.  Henry  F.  Swan,^  consists  in  the  provision  of 
one  or  more  automatic  expansion  chambers  above  the  tank  deck.  In 
carrying  out  this  invention,  a  convenient  arrangement  is  to  provide 
two  chambers,  one  towards  the  fore  end  and  the  other  towards  the 
after  end  of  the  oil  space,  which  may  be  worked  from  the  main  oil- 
pump  connections  of  the  vessel  for  trimming  purposes.  The  overplus 
from  the  main  tanks  caused  by  an  increase  in  temperature  is  received 
in  these  tanks,  and  when  the  oil  in  the  main  compartments  contracts^ 
a  supply  is  obtained  automatically  from  the  expansion  chambers,  the 
main  compartments  being  thus  always  kept  full. 

The  important  question  of  the  transverse  stability  of  ships  carrying- 
oil  in  bulk  has  been  dealt  with  by  Mr.  W.  Hok  in  a  paper  read  before 
the  Institution  of  Naval  Architects  in  March,  1895. 

The  enormous  extent  to  which  the  system  of  bulk  transportation 
has  been  adopted  is  shown  by  the  lists  of  tank  steamships  and  tank 
sailing-vessels  employed  in  the  trade,  which  are  given  in  an  appendix. 

Explosions  due  to  Ignition  of  Petroleum  Vapour. — The  causes 
and  nature  of  the  explosions  which  have  occurred  on  the  accidental 
ignition  of  a  mixture  of  the  vapour  of  the  more  volatile  hydrocarbons 
with  air,  have  an  important  l)earing  upon  the  principles  of  construction 
and  management  of  petroleum  tank  steamers,  and  although  it  is  im- 
possible to  deal  fully  with  the  subject  in  the  space  available  in  this 
work,  the  following  particulars  may  be  found  of  value.  For  further 
details  reference  may  be  made  to  a  paper  by  the  author  on  the 
"  Transport  of  Petroleum."  ^ 

An  explosion  on  H.M.S.  ''Hercules,"  resulting  from  the  accidental 
fall  and  bursting  of  a  cask  of  anti-fouling  composition  containing 
naphtha,  in  the  forehold  of  the  vessel,  indicated,  as  early  as  1870,  the 
danger  of  allowing  the  vapour  of  mineral  spirit  to  accumulate  in 
admixture  with  air  in  a  confined  space;  and  in  1880,  a  similar  nccident 
occurred  on  board  the  steamship  "Coquimbo."  The  destruction  in 
1881,  of  H.M.S.  "  Doterel,"  which  resulted  in  great  loss  of  life,  was 
proved  to  be  due   to  the  blowing  up  of  the  gunpowder  magazine, 

'  Patent  No.  4,898,  18C4. 
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brought  about  by  the  explosion  of  a  mixture  of  air  with  the  vapour  of 
petroleum  spirit  given  off  from  a  paint-drier  known  as  "Xerotine 
siccative."  In  the  same  year,  explosions  arising  from  the  use  of  this 
preparation  happened  on  H.M.S.  "Cockatrice"  and  on  H.M.S. 
"Triumph."  Leakage  from  a  cask  of  paint  containing  coal-tar 
naphtha  led  to  an  explosion  on  the  "Ha warden  Castle"  in  1884, 
and  two  years  later,  the  employment  on  board  the  "  Thorndike,"  of 
an  anti-fouling  composition,  of  which  the  same  volatile  liquid  was  an 
ingredient,  caused  a  similar  accident.  Explosions  on  board  the  brigan- 
tine  "Ruth"  in  1871,  and  on  the  "Maria  Lee"  in  1873,  were  due 
in  each  case  to  the  escape  of  benzoline  from  barrels  containing  that 
liquid. 

The  great  travelling  power  of  the  heavy  vapour  of  such  hydro- 
•oarbons  was  well  shown  in  the  case  of  the  Regent's  Park  explosion, 
which  occurred  in  1874  on  the  barge  "  Tilbury,"  carrying  about  5  tons 
•of  gunpowder  and  four  barrels  of  benzoline.  Colonel  Majendie  proved 
that  the  explosion  originated  in  the  ignition  of  a  mixture  of  benzoline 
vapour  and  air  which  found  its  way  through  the  bulkhead  to  the  fire 
in  the  cabin  of  the  barge,  having  traversed  a  distance  of  from  35  to 
40  feet. 

In  1877,  an  explosion  took  place  on  the  ship  "Thomas,"  laden  with 
petroleum  spirit,  and  this  was  followed  by  many  other  similar  acci- 
dents. In  1888,  an  explosion  occurred  near  Woolwich,  on  the  barge 
"  Kohinoor,"  laden  with  pyrites,  and  this  was  apparently  due  to  the 
fact  that  the  barge  had  a  short  time  previously  carried  a  cargo  of 
naphtha  and  had  not  afterwards  been  sufficiently  ventilated. 

The  first  serious  accident  on  a  petroleum  tank  steamer,  occurred  in 
1886  on  the  "  Petriana,"  a  vessel  having  six  oil  tanks  of  a  total  capacity 
of  about  2,100  tons,  and  water-ballast  tanks  beneath  these.  Having 
discharged  a  cargo  of  Russian  kerosene  of  a  flashing  point  of  about 
79'  F.  (Abel  test),  her  tanks  were  being  tested  after  certain  repairs 
had  been  effected,  by  filling  the  forward  water-ballast  tank  with  water 
and  attaching  a  vertical  pipe  filled  with  water  to  a  height  of  about 
30  feet,  when  an  explosion,  or  rather  an  inaudible  rapid  ignition  of 
an  inflammable  atmosphere,  occurred  in  one  of  the  oil  tanks.  Four 
persons  were  at  once  killed,  and  the  remaining  six  who  were  in  the 
tank  at  the  time  ultimately  died.  This  accident  differed  from  those 
previously  recorded.  The  high  flashing  point  of  the  oil  rendered  it 
improbable  that  inflammable  vapour  had  accumulated  at  the  low 
temperature  then  prevailing,  and,  moreover,  men  had  previously 
been  working  with  naked  lights  in  the  oil  tanks  and  the  water- 
ballast  tank  beneath.  An  investigation  made  by  the  author  led 
him  to  submit  the  following  explanation : — Some  of  the  oil  forming 
the  cargo  must  have  found  its  way  into  the  water-ballast  tank, 
where  it  would  float  upon  the  water  therein.  When  the  ballast  tank 
was  filled  with  water  for  testing  purposes,  the  oil  would  be  brought 
into  contact  with  the  underside  of  the  floor  of  the  oil  tanks,  and 
would  be  forced  through  any  leaks  existing,  thus  entering  the  tanks 
in  the  form  of  fine  spray.     In  the  position  in  which  the  vessel  was 
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lying,  the  tank  in  which  the  explosion  occurred  was  at  a  higher  level 
than  the  other  oil  tanks,  so  that  any  oil  in  the  forward  ballast  tank 
would  naturally  lie  beneath  it. 

It  will  be  seen  that  this  spray  might  accumulate  until  the  atmosphere 
became  inflammable  and  finally  ignited  at  the  naked  lights  used  in  the 
tank  at  the  time.  In  experimenting  with  some  of  the  petroleum  in 
question,  it  was  found  that  it  was  readily  converted  into  a  spray  which 
remained  suspended  in  the  air  and  formed  what  may  be  described  as  a 
petroleum  mist,  which  readily  ignited  even  at  a  temperature  of  50*  F., 
and  rapidly  burned  with  an  exceedingly  hot  flame.  The  accident  was 
therefore  due  to  the  rapid  combustion  (not  amounting  to  an  audible 
explosion)  of  petroleum  spray,  and  not  to  an  ordinary  ignition  or  ex- 
plosion of  a  mixture  of  petroleum  vapour  and  air. 

The  author's  view  was  supported  by  the  evidence  of  a  witness  who 
was  in  the  tank  shortly  before  the  explosion  occurred.  This  witness 
stated  that  there  was  a  very  strong  smell  of  oil  in  the  tank,  which 
turned  him  giddy,  made  his  eyes  smart,  and  gave  him  a  headache. 
About  five  minutes  before  the  accident  occurred  he  had  noticed  a 
defective  rivet  in  the  starboard  tank,  from  which  an  oozing  sound 
proceeded.  The  jury  ultimately  found  a  verdict  in  accordance  with 
the  above  opinion,  which  was  also  supported  in  the  Annual  Report  of 
II, M,  Inspectors  of  Explosives. 

In  1891,  the  s.s.  "Lux,"  laden  with  a  cargo  of  Russian  refined  kero- 
sene, was  lost  in  the  Doro  Channel,  Grecian  Archipelago.  About 
8.15  a,m.  it  was  reported  that  there  was  a  slight  smell  of  kerosene  in 
the  bunker,  and  about  10  a.m.  fire  was  found  in  the  bilges,  and  shortly 
afterwards  flames  shot  up  through  the  bunker  hatchways  to  a  height 
of  about  12  feet.  The  vessel  was  then  abandoned,  and  owing  to  fog, 
was  lost  sight  of,  but  during  the  night  the  ship's  officers  thought  they 
heard  two  reports  resembling  guns  or  thunder  or  explosions,  and  the 
following  day  the  vessel  was  found  ashore,  broken  to  pieces  to  an  ex- 
tent which  the  first  mate  thought  could  not  be  accounted  for  by  the 
weather,  but  must  have  been  due  to  an  explosion.^ 

This  accident  was  evidently  due  to  the  escape  of  oil  from  the  ex- 
pansion trunk  of  the  cargo  tanks  into  the  port  side  bunker,  and  the 
overflow  of  this  oil  through  the  bunker  into  the  stokehole,  where,  or 
in  the  bilges,  it  became  ignited.  The  after  coflerdam,  which  separated 
the  oil  tanks  from  the  stokehole,  was  not  carried  up  behind  the  side 
bunkers,  but  was  contracted  in  the  'tween  decks  to  the  size  of  the 
trunks,  and  thus  followed  the  section  of  the  tanks  and  trunks.  The 
side  bunkers  were  each  closed  aft  by  an  ordinary  iron  bulkhead  having 
in  it  a  hinged  iron  door  about  3i  to  4  inches  above  the  main  deck,  and 
furnishing  therefore  a  sill  of  that  height.  The  doors  were  not  water- 
tight, and  were  open  during  the  voyage. 

It  is  evident  that  any  oil  which  entered  the  side  bunker  through 
leakage  from  the  trunk  would,  notwithstanding  the  raised  sill,  be 
likely  to  find  its  way  through  the  bunker  into  the  stokehole,  especially 

1  Report  to  the  Assistant  Secretary,  Marine  Department,  Board  of  Trade,  5th 
March,  1892. 
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as  the  vessel  was  pitching  in  a  heavy  sea.  This  case,  therefore, 
obviously  indicates  the  importance  of  extending  the  cofferdam 
completely  to  the  spar  deck,  or  providing  it  with  watertight  doors, 
a  system  of  construction  which  has  since  been  adopted. 

An  accident  which  occurred  in  January  1890,  on  the  river  Wear, 
indicates  the  necessity  for  completely  removing  the  cargo  of  oil  from 
a  vessel's  tanks.  The  as.  "Wild  Flower"  having  carried  a  cargo 
of  crude  petroleum  from  Philadelphia  to  Rouen,  arrived  in  the  Wear 
with  a  portion  of  the  oil  still  in  her  tanks,  and  this  oil,  or  part  of  it, 
was  discharged  into  the  river  in  pumping  out  water  ballast.  The 
oil  floated  on  the  river  and  became  ignited  by  some  means,  with  the 
production  of  a  fierce  fire,  by  which  one  man  lost  his  life,  and  several 
ships  were  injured.^ 

The  following  accounts  refer  exclusively  to  the  explosion  of  mixtures 
of  the  vapour  of  American  crude  petroleum  and  air  on  board  tank 
steamers  : — 

In  October  1888,  an  explosion  occurred  at  Calais,  on  the  s.s.  "  Ville 
de  Calais"  which  had  just  discharged  her  cargo.  One  of  the  empty 
tanks  was  being  filled  with  water  for  ballast,  and  the  mixture  of  air 
and  petroleum  vapour  contained  in  the  tank  was  thus  being  expelled, 
and  became  ignited,  with  the  result  that  an  explosion  occurred  which 
destroyed  the  ship,  killed  several  persons,  and  did  much  damage  to 
surrounding  property.  The  hinged  cover  of  the  tank  was  open  during 
the  pumping-in  of  the  water,  and  it  was  to  this  that  the  ignition 
was  undoubtedly  due.  The  vessel  had  a  main  vapour  pipe  2^  inches 
in  diameter  laid  on  deck,  with  a  branch  into  each  expansion  trunk 
and  terminating  in  the  hollow  iron  foremast.  Had  the  tank  lid 
been  closed,  the  displaced  vapour  would  therefore  have  been  safely 
discharged  at  the  masthead. 

In  December  1889,  an  explosion  occurred  on  the  s.s.  "  Fergusons," 
a  vessel  which  had  not  been  constructed  for  the  petroleum  trade, 
but  had  been  fitted  with  thirty-two  tanks  with  four  regulating 
tanks.  The  accident  may  be  attributed  to  the  ignition  of  an  ex- 
plosive mixture  of  petroleum  vapour  and  air  in  the  hold  of  the 
vessel.  The  discharging  arrangements  necessitated  the  opening  and 
shutting  of  cocks  in  the  suction  pipes  below  deck,  and  one  of  the 
crew  was  performing  this  duty  when  the  explosion  occurred.  The 
ignition  was  ascribed  to  the  accidental  production  of  an  electric  spark 
in  the  space  in  the  hold  of  the  vessel  in  which  the  cocks  were  situated, 
artificial  light  being  furnished  by  incandescence  electric  lamps.- 
There  were,  according  to  the  evidence,  two  explosions,  the  first  wrecking 
the  vessel  and  setting  fire  to  the  after  part,  and  the  second,  occurring 
after  an  interval  of  about  an  hour  and  a  quarter,  during  which  the 
vessel  had  been  burning,  completing  the  destruction  of  the  hull  and 
liberating  a  quantity  of  burning  petroleum. 

*  Report  to  the  A  asistant  Secretary ,  Marine  Department^  Board  of  Trade^ 
March  7,  1890. 

^Report  to  tJie  Assistant  Secretary,  Marine  Department,  Board  of  Trade, 
February  17,  1890. 
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On  the  nth  May,  1891,  an  explosion  occurred  on  the  8.s.  *'  Tancar- 
ville,''  which  had  shortly  before  discharged  a  cargo  at  Havre,  and  was 
in  dry  dock  at  Newport,  Monmouthshire.  The  vessel  had  been  under 
repair  for  twenty  days  when  the  explosion  took  place.  From  an 
examination  made  by  the  author  on  the  same  day,  it  appeared  that  the 
explosive  force  had  been  mainly  localised  on  the  port  side  of  a  water- 
ballast  tank,  immediately  forward  of  No.  1  oil  tank,  and  had  been 
exerted  principally  upwards  and  aft.  Before  the  work  of  repairing 
was  commenced,  the  oil  tanks  were  cleaned  by  a  jet  of  water,  and 
were  afterwards  dried  with  sawdust  and  cotton  waste.  They  were 
ventilated  by  windsails  before,  during,  and  after  the  cleaning.  The 
water-ballast  tank  had  not  been  used  since  October,  1890,  as  a  cargo 
tank,  but  it  was  asserted  that  while  a  cargo  of  crude  oil  was  being 
discharged  at  Havre  in  February,  1891,  some  one  from  the  shore 
opened  a  valve  and  allowed  a  quantity  of  oil  to  flow  into  the  ballast 
tank.  The  suction  pipes  were  so  arranged  that  the  water  could  not  be 
drawn  from  the  ballast  tank  beyond  a  depth  of  4  J  inches  from  the 
bottom.  After  discharging  her  last  cargo,  the  ballast  tank  had  been 
filled  with  water,  but  if  an  attempt  hard  been  made  to  displace  the 
oil  by  water  and  cause  it  to  overflow  into  the  'tween  decks,  a  consider- 
able quantity  of  oil  would  have  been  confined  between  the  beams  in  the 
upper  part  of  the  tank,  and  prevented  from  flowing  away.  The  vessel 
was  lighted  throughout  by  electric  incandescence  lamps,  but  several 
portable  forges  were  in  use  on  the  upper  deck  during  the  repairs. 

On  the  morning  of  May  11,  men  were  sent  into  No.  1  oil  tank, 
adjoining  the  water-ballast  tank  already  referred  to,  to  clean  up  some 
oil  which  had  leaked  in  through  a  defective  rivet  hole  in  the  bulkhead 
separating  the  tanks  in  question,  and  the  work  of  repairing  in  the 
tank  was  then  continued.  As  one  of  the  workmen  was  cutting  a 
thread,  with  a  view  to  replacing  a  defective  rivet  by  a  screw  plug,  a 
tongue  of  flame  appeared  to  issue  from  the  hole.  The  flame  then 
seemed  to  recede,  and  immediately  a  very  violent  explosion  occurred, 
killing  four  men,  injuring  others  who  were  in  the  tank,  and  killing  a 
carpenter  who  was  in  the  'tween  decks,  on  the  port  side  over  the 
bunker  space.  The  explosion  was  undoubtedly  due  to  the  ignition  of 
a  mixture  of  air  and  petroleum  vapour  in  the  ballast  tank,  but  the 
actual  cause  of  the  ignition  was  not  ascertained.^ 

Samples  of  the  petroleum  were  examined  by  Dr.  Dupre  and  the 
author,  and  it  was  found  that  1  gallon  would  render  200  cubic  feet 
feebly,  and  about  58  cubic  feet  of  air  strongly  explosive.  The  capacity, 
of  the  ballast  tank  was  about  6,000  cubic  feet,  so  that  20  cubic  feet  of 
the  oil  would  render  its  atmosphere  explosive. 

It  seems  probable  that  the  atmosphere  on  both  sides  of  the  ballast 
tank  was  not  equally  explosive.  The  tank  was  divided  centrally  by  a 
vertical  fore  and  aft  bulkhead,  and  if  the  existence  of  a  merely  inflam- 
mable atmosphere  on  the  starboard  side  of  this  bulkhead,  and  of  a 
violently  explosive  mixture  on  the  port  side  be  assumed — a  condition 

^Report  to  the  Assittant  Secretary,  Marine  Department,  Board  0/ Trade,  Zlst 
July,  1891. 
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of  things  which  is  consistent  with  the  statement  that  the  manhole  on 
the  starboard  side  was  open,  while  that  on  the  port  side  was  closed — 
it  is  easy  to  understand  that  there  may  have  been  first  an  ignition  of 
the  contents  of  the  starboard  compartment,  producing  the  flame  which 
passed  through  the  rivet  hole  into  the  tank  where  the  men  were 
working,  and  afterwards  an  explosion  of  the  contents  of  the  port 
compartment. 

It  is  possible  that  the  ignition  originated  in  the  bunker  above  the 
ballast  tank.  This  space  was  provided  with  a  central  hatchway,  and 
the  expansion  trunks  of  the  ballast  tanks,  which  opened  into  the 
bunker,  were  not  beneath  the  hatchway,  but  to  port  and  starboard 
respectively.  It  is  difficult  to  understand  how,  with  an  open  hatchway 
of  considerable  size,  there  could  have  been  in  the  bunker  any  large 
accumulation  of  vapour  which  had  diffused  into  it  from  the  ballast 
tank,  but  it  should  be  remembered  that  on  the  morning  of  the  explo- 
sion the  sun  was  shining  brightly,  and  the  weather  was  warmer  than 
it  had  been  just  previously.  The  atmosphere  of  the  ballast  tank  was 
therefore  probably  undergoing  rapid  expansion  under  the  influence  of 
the  elevation  of  temperature,  and  it  is  conceivable  that  an  inflammable 
or  explosive  mixture  of  petroleum  vapour  and  air  may  have  been 
overflowing  into  the  bunker. 

On  June  13,  1892,  an  explosion,  attended  with  the  loss  of  several 
lives,  occurred  on  the  s.s.  "Petrolea"  during  the  discharge  at  Blaye, 
near  Bordeaux,  of  a  cargo  of  2,800  tons.  The  oil  tanks  were  fitted 
with  3-inch  air  pipes  extending  from  the  expansion  trunks,  but  these 
were  not  connected  with  the  mast,  as  in  the  case  of  the  "  Ville  de 
Calais,"  and  the  manhole  covers  appear  to  have  been  raised  during  the 
discharge  of  the  oil.  In  the  absence  of  any  other  explanation,  it  was 
suggested  that,  as  a  thunderstorm  occurred  shortly  before  the  explo- 
sion, the  mixture  of  petroleum  vapour  and  air  might  have  been  ignited 
by  lightning.^ 

On  the  4th  of  November,  1892,  the  iron  sailing  ship  "Norcross," 
coming  from  Philadelphia  to  Rouen  with  a  cargo  of  2,300  barrels  of 
crude  petroleum  and  3,300  barrels  of  mineral  naphtha,  was  blown  up  in 
the  Seine  near  Honfleur.  While  she  was  proceeding  up  the  river  in  tow, 
a  sailor,  standing  on  the  ladder  leading  through  the  upper  forepeak  to 
the  hatchway  into  the  lower  forepeak  struck  a  match,  and  this  was 
immediately  followed  by  a  rush  of  flame  and  a  violent  explosion.  The 
fact  that  an  explosive  atmosphere  existed  in  the  forepeak,  points  to  the 
conclusion  that  petroleum  vapour  must  have  travelled  from  the  hold, 
through  the  collision  bulkhead,  into  the  forepeak.^ 

An  explosion  occurred  at  Cardiff,  in  December,  1892,  on  board  an 
ordinary  cargo  steamer,  the  "New  York  City,"  which  had  previously 

^  The  fire  which  occurred  on  the  3l8t  May,  1S95,  at  a  petroleum  storage  in- 
stallation at  Harburg,  appears  to  have  orijQrinated  in  the  ignition,  by  lightning, 
of  the  gaseous  contents  of  a  large  tank.  The  tank  contained  at  the  time  only  a 
small  quantity  of  oil,  the  flashing  point  of  which  was  107°  F.  (Abel  test). 

*  Report  to  the  Assist,  Secretary t  Marine  Department y  Board  of  Trade,  9th 
December,  1892. 
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discharged  a  cargo  of  crude  petroleum  in  barrels  at  Kouen.  The  ex- 
plosion was  inaudible  and  did  not  damage  the  vessel,  but  three  men 
were  injured  by  burning.  The  ignition  took  place  in  the  deep  ballast 
tank,  which  had,  however,  been  previously  flushed  with  water.  The 
oil  had  evidently  leaked  from  the  barrels,  and,  notwithstanding  the 
flushing,  the  atmosphere  had  remained  inflammable,  for  on  the  entrance 
of  men  with  a  naked  light,  the  ignition  occurred. 

Experimental  Investigation  relating  to  the  Formation  of 
Explosive  Mixtures  of  Petroleum  Vapour  and  Air. — The  acci- 
dents described,  indicate  clearly  that  certain  descriptions  of  petroleum 
evaporate  freely  at  common  temperatures ;  that  the  vapour  given  off 
is  much  heavier  than  air,  and  may  remain  for  a  considerable  length  of 
time  in  any  receptacle  capable  of  holding  a  liquid,  or  may  flow  unper- 
ceived  for  some  distance  in  a  stream  similar  to  that  of  a  liquid  ;  that 
the  vapour  is  highly  inflammable  and  capable  of  carrying  back  flame 
to  the  source  whence  it  emanated ;  and  that  mixtures  of  petroleum 
vapour  and  air  may  be  either  inflammable  (burning  silently)  or  more 
or  less  violently  explosive.  The  experience  in  one  case,  further  shows 
that  petroleum,  at  temperatures  below  that  at  which  inflammable 
vapour  is  freely  evolved,  may  be  readily  converted  into  a  highly  com- 
bustible spray. 

It  will  be  noted  that,  with  the  exception  of  the  cases  of  the  "  Pet- 
riana "  and  "  Lux,"  ^  the  accidents  recorded  have  been  due  to  the 
])resence  of  vapour  given  off  by  crude  petroleum,  by  petroleum  spirit 
(benzoline),  or  by  coal-tar  naphtha.  It  must  not,  however,  be  assumed 
that  all  precautions  which  have  reference  to  the  possible  accumulation 
of  vapour,  are  unnecessary  in  the  case  of  refined  petroleum  oil  (kero- 
sene). Crude  petroleum  consists  almost  entirely  of  a  mixture  of  a 
great  number  of  hydrocarbons,  differing  in  boiling  point  and  density. 
It  is  principally  composed  of  carbon  and  hydrogen,  usually  in  the 
proportion  of  about  85  parts  by  weight  of  the  former,  and  15  of  the 
latter.  Some  descriptions  of  crude  petroleum  contain  exceedingly 
volatile  liquid  hydrocarbons,  which  are  separated  in  the  process  of 
refining,  and  are  met  with  in  commerce  as  gasoline,  benzoline,  &c., 
and  even  dissolved  gaseous  hydrocarbons,  which  are  readily  liberated. 
It  is  therefore  not  surprising  that  a  portion  of  such  crude  petroleum 
freely  evaporates.  The  density  of  the  vapour  given  off  by  petroleum 
is  dependent  upon  the  chemical  composition  of  the  hydrocarbons 
volatilised.  Thus,  the  vapour  of  pentane  (CgHjg),  a  hydrocarbon 
of  the  paraffin  series,  present  in  American  crude  petroleum,  and  of 
which  gasoline  is  largely  composed,  is  2*5  times  heavier  than  air, 
while  that  of  heptane  (CyHj-)  is  3*4  times  heavier.  The  great  density 
of  petroleum  vapour  may  be  shown  by  allowing  a  small  quantity 
of  gasoline  to  evaporate  in  a  glass  jar,  and  decanting  the  vapour 
into  another  vessel,  to  which  a  flame  may  be  afterwards  applied.  It 
will  be  found  that  the  vapour  has  been  poured  from  vessel  to  vessel 
almost  as  readily  as  if  it  had  been  a  liquid. 

^  To  these  must  now  be  added  that  of  the  fire  at  Harbarg  (see  note  1  on  preced- 
ing page),  which  occurred  after  this  section  was  written. 
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In  connection  with  the  loss  of  the  "  United/'  and  with  the  object  of 
demonstrating  the  feunlitj  with  which  the  vapour  of  benzoline  diffuses 
into  air,  and  in  that  operation  makes  its  way  through  small  openings, 
such  as  may  exist  in  a  bulkhead  for  instance,  Dr.  Dupre  performed  the 
following  experiment : — A  small  quantity  of  petroleum  spirit  (benzo- 
line) was  placed  in  a  cigar-box  having  all  its  edges  but  one  closed  by 
paper  pasted  over  it,  the  paper  joints  having  by  a  previous  experiment 
been  proved  to  be  vapour  proof.  This  box  was  placed  inside  a  larger 
box,  and  a  small  glass  tube  conducted  from  the  interior  of  the  inner  to 
the  outside  of  the  outer  box.  About  one  hour  sufficed  to  render  the 
atmosphere  in  the  outer  box  inflammable,  and  forty  minutes  after  this 
had  been  flashed  off,  a  light  was  applied  to  the  mouth  of  the  glass  tube, 
when  a  sharp  explosion  occurred  in  the  outer  box.  Evidently  the 
vapour  in  the  inner  box  was  ignited  in  this  second  test,  but  being  some- 
what in  excess  no  explosion  occurred  in  that  box,  but  the  flame  passed 
through  the  narrow  slit  and  exploded  the  mixture  in  the  outer  box.^ 

The  crude  petroleum  which  had  been  carried  in  the  "  Tancarville  " 
prior  to  the  accident  of  which  particulars  have  been  given,  had  a 
specific  gravity  of  0*799  at  60°  F.,  and  it  commenced  to  boil  at  120° 
F.  Experimenting  with  this  oil  in  a  vessel  intended  to  reproduce 
on  a  small  scale  the  conditions  existing  in  the  ballast  tank,  but  having 
unintentionally  a  somewhat  larger  opening  at  the  top.  Dr.  Dupr^ 
found  that  the  oil  lost  by  evaporation,  2-03  per  cent,  on  the  first 
day,  1*53  per  cent,  on  the  second  day,  I'H  per  cent,  on  the  third  day, 
And  only  0-98  per  cent,  on  the  fourth  and  fifth  days  combined,  the 
fifth  being  a  Sunday.  The  temperature  ranged  from  60"*  F.  to 
between  70"  and  74°  F.  The  air  in  the  vessel  was  explosive  at  the 
end  of  the  fifth  day,  and  half  an  hour  after  the  first  explosion,  it  was 
Again  explosive.  In  making  this  experiment,  it  was  observed  that 
the  vapour  tension  of  the  oil  soon  stopped  evaporation,  so  that  the  air 
over  the  oil  never  became  more  than  about  violently  explosive.  One 
volume  of  the  oil  was  found  to  render  1,150  volumes  of  air  inflam- 
mable, and  about  350  volumes  of  air  strongly  explosive. 

Mr.  J.  H.  Heck,  in  a  paper  read  before  the  Institution  of  Kaval 
Architects,  in  April,  1892,  gave  the  results  of  a  large  number  of 
-experiments  made  to  ascertain  the  conditions  under  which  an  explosive 
atmosphere  is  produced  in  an  enclosed  space,  from  petroleum  spirit 
And  crude  and  refined  petroleum. 

With  petroleum  spirit,  and  nearly  all  the  samples  of  crude  petroleum 
examined,  an  inflammable  or  explosive  atmosphere  was  formed  at 
temperatures  from  the  freezing  point  of  water  upwards;  but  with 
American  and  Kussian  refined  oil  (presumably  kerosene^  no  inflam- 
mable or  explosive  atmosphere  could  be  formed,  even  in  the  absence  of 
ventilation,  at  temperatures  up  to  70°  F.  At  temperatures  much 
above  80°  F.,  and  with  no  ventilation,  such  an  atmosphere  could  be 
produced  with  a  number  of  the  samples.  Of  three  samples  of  crude 
petroleum  examined,  one  volume  would  render  explosive  about  180, 
400,  and  600  volumes  of  air  respectively. 

*  Report  to  the  Right  Hon,  (he  Secretary  of  Slate  for  the  Home  Department^  21tt 
December,  1888. 
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The  following  are  details  of  some  of  the  experiments,  which  were 
conducted  at  temperatures  ranging  from  55**  to  65°  F. : — 

1.  Vertical  tube,  6  inches  diameter,  6  feet  high,  containing  explosive 
atmosphere  and  If  per  cent,  of  crude  oil;  open  hatchway  area  at  top 
^  of  bottom  surface  of  oil ;  at  end  of  seven  days  atmosphere  found 
explosive  at  bottom ;  open  hatchway  area  then  increased  to  ^V  ^^ 
bottom  surface  of  oil ;  five  days  afterwards,  atmosphere  at  bottom 
found  still  inflammable. 

2.  Vertical  tube,  6  inches  diameter,  6  feet  high,  containing  explosive 
atmosphere  and  H  i)er  cent,  of  crude  oil ;  open  hatchway  area  at  top 
^  of  bottom  surrace  of  oil ;  at  end  of  seven  days  atmosphere  found 
explosive  at  bottom  ;  open  hatchway  area  then  increiised  to  I-  of  bottom 
surface  of  oil ;  four  days  afterwards  atmosphere  at  bottom  found  still 
inflammable. 

3.  Vertical  tube,  6  inches  diameter,  6  feet  high,  containing  explosive 
atmosphere  and  1^  per  cent,  of  crude  oil  put  in  through  thistle>tube ; 
open  hatchway  area  at  top  ^  of  bottom  surface  of  oil ;  atmosphere  at 
bottom  found  inflammable  five  days  afterwards. 

4.  Tank,  18  inches  by  14  inches,  containing  explosive  atmosphere 
and  2  per  cent,  of  crude  oil ;  open  hatchway  area  at  top  -^jj  of  bottom 
surface  of  oil ;  at  end  of  seven  days  atmosphere  at  bottom  found  still 
explosive  ;  hatchway  area  at  top  then  increased  to  t^  of  bottom  surface 
of  oil ;  eight  days  afterwards  atmosphere  at  bottom  found  still  inflam- 
mable. 

5.  Tank,  9  inches  by  7  inches,  containing  explosive  atmosphere  and 
2  per  cent,  of  crude  oil ;  open  hatchway  area  at  top  ^j^  of  bottom  sur- 
face of  oil ;  at  end  of  fifteen  days  atmosphere  at  bottom  found  still 
inflammable. 

In  all  the  vessels  used,  small  tubes  were  fixed,  standing  a  short 
distance  above  the  bottom,  and  having  a  clear  section  of  ^^^  of  the 
bottom  area.  When  these  tubes  were  opened,  and  the  hatchway  area 
at  the  top  made  j\  of  the  area,  an  inflammable  or  explosive  atmosphere 
could  be  quickly  purified.  The  atmosphere  in  a  vertical  tube,  6  inches 
in  diameter  and  6  feet  high,  full  of  explosive  vapour,  and  containing 
about  2  per  cent,  of  average  crude  oil,  could  be  more  eflectually  cleared 
of  vapour  in  the  course  of  one  hour  by  openings  at  the  bottom  and 
top,  having  areas  respectively  of  y-J-j-  and  ^V  of  the  bottom  surface, 
than  it  could  in  the  course  of  ten  days  by  means  of  an  opening  at  the 
top  -^jf  the  area  of  bottom  surfekce.  The  experiments  indicated  that 
the  data  obtained  with  small  models  were  not  in  all  respects  trust- 
worthy indications  of  what  would  take  place  in  a  large  tank,  but  the 
results,  as  a  whole,  are  not  without  interest. 

Dr.  Dupre  has  estimated  that,  in  order  to  prevent  the  production  of 
an  explosive  or  inflammable  mixture  in  a  tank  containing  such  crude 
petroleum  as  formed  the  cargo  of  the  s.s.  "  Fergusons,'*  the  accident  on 
which  has  been  already  described,  it  would  be  necessary  to  have 
ventilation  equivalent  to  120  cubic  feet  of  air  per  hour  for  every 
square  foot  of  oil  surface  exposed.  If  the  oil  were  spread  out  in  a  thin 
layer,  the  air  current  required  would  amount  to  about  200  cubic  feet 
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per  minute  for  each  gallon  of  oil.  The  volume  of  air  required  varies, 
of  course,  with  the  volatility  of  the  oil,  and  the  prevailing  temperature 
of  the  air  and  oil. 

In  the  course  of  a  series  of  experiments  which  the  author  made  in 
investigating  the  circumstances  attending  the  disastrous  ignition 
of  the  vapour  given  off  by  indiarubber  solution  on  the  premises 
of  a  hat  and  helmet  manufacturer  in  Cloth  Fair,  London,  1890,  it 
was  found  that  a  sample  of  the  mineral  naphtha  employed  in  preparing 
the  solution,  gave  off  inflammable  vapour  freely  at  zero  Fahrenheit. 
One  pint  of  the  liquid,  poured  over  a  level  surface,  covered  an  area 
of  about  80  square  feet,  and  at  a  temperature  of  GO**  F.  this  quantity 
evaporated  in  four  minutes  and  rendered  100  cubic  feet  of  air  violently 
explosive.  A  piece  of  sponge  saturated  with  the  spirit  was  placed 
at  one  end  of  a  covered  zinc  channel  5  feet  in  length,  and  25  square 
inches  in  area  transversely,  a  small  stationary  flame  being  provided 
at  the  other  end.  In  sixty-eight  seconds,  the  vapour  had  travelled 
from  the  sponge  along  the  level  floor  of  the  trough  to  the  flame, 
where  it  immediately  ignited,  and  in  one  second  more,  the  flame  had 
travelled  back  to  the  sponge  and  ignited  the  liquid.  When  a  gentle 
current  of  air  was  caused  to  flow  through  the  apparatus  away  from 
the  sponge,  the  vapour  was  carried  to  the  flame  in  twenty  seconds. 

A  description  of  a  series  of  experiments  conducted  by  the  author  and 
Mr.  Blundstone,  in  order  to  gain  further  information  as  to  the  manner 
in  which  crude  petroleum  and  various  petroleum  products  evaporate, 
will  be  found  in  the  section  relating  to  the  uses  of  ])etroleum. 

In  connection  with  the  destruction  of  the  "  United,''  Dr.  Dupr6 
carried  out  experiments  with  a  view  to  determining  the  proportions  of 
petroleum  spirit  (benzoline)  vapour  and  air  requisite  for  the  productito 
of  inflammable  and  explosive  mixtures,  and  found  that  one  volume 
of  benzoline  will  render  16,000  volumes  of  air  inflammable,  5,000 
volumes  strongly  explosive,  and  3,000  inflammable,  but  scarcely 
explosive.  Similar  experiments  made  by  the  author  demonstrated 
that,  when  the  vapour  given  off  by  crude  petroleum,  or  by  a  freely 
volatile  product  of  petroleum,  is  allowed  to  diffuse  into  air  in  a  confined 
space,  the  atmosphere  first  becomes  gradually  converted  into  an 
inflammable  mixture  which  ignites  and  burns  rapidly,  but  without 
any  audible  explosion.  As  the  pro[)ortion  of  vapour  to  air  increases, 
there  is  a  corresponding  acceleration  in  the  transmission  of  flame 
through  the  gaseous  mixture,  accompanied  by  a  gradually  augmenting 
volume  of  sound,  until  the  proportions  necessary  for  the  production 
of  the  most  violent  explosion  are  reached.  Beyond  this  point,  any 
increase  in  the  proportion  of  vapour  is  accompanied  by  a  diminution 
in  the  energy  of  the  combustion,  and  an  increase  in  the  duration  of 
the  flame.  The  mixture,  therefore,  becomes  first  inflammable  but 
not  explosive,  next  explosive,  and  finally  again  only  inflammable.  It 
is  also  found  that  during  the  progress  of  the  diffusion  of  vapour  from 
a  layer  of  petroleum  at  the  bottom  of  a  tank  into  the  air  in  the  tank 
above  the  liquid,  the  proportion  of  vapour  in  the  atmosphere  is  not 
uniform  throughout,  unless  the  gaseous  contents  of  the  tank  are  mixed 
by  agitation,  the  greater  proportion  of  vapour  being  at  the  bottom. 
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The  experimental  determination  of  the  respective  volumes  of  a  given 
description  of  petroleum  required  for  the  production,  with  a  given 
volume  of  air,  of  gaseous  mixtures,  which  under  given  conditions  are 
(a)  just  inflammable,  (b)  violently  explosive,  and  (c)  Hgain  only  inflam- 
mable, can  be  efiected  with  tolerable  facility  with  some  kinds  of 
petroleum  and  under  certain  conditions  of  temperature ;  but  the  bulk 
of  the  mixture,  or,  in  other  words,  the  scale  on  which  the  tests  are 
made,  and  the  method  of  ignition  adopted,  are  not  without  material 
eflect  upon  the  results.  Thus,  the  introduction  of  a  large  flame  may 
bring  about  the  combustion  of  a  mixture  containing  a  small  proportion 
of  vapour  which  a  small  flame  will  not  ignite,  and  a  mixture  which 
burns  silently  in  small  bulk  may  be  consumed  with  a  rapidity  ap- 
proaching to  explosive  violence  when  a  large  volume  of  it  is  ignited. 
In  the  case  of  a  liquid  of  uniform  composition  wholly  volatilising  with 
freedom  at  common  temperatures,  such  as  pentane,  it  is  obviously  not 
difficult  to  introduce  gradually  increasing  volumes  into  a  given  volume 
of  air  and  test  the  character,  as  to  inflammability,  of  the  resulting 
gaseous  mixtures;  but  with  crude  petroleum,  which  is  of  variable 
composition,  and  of  which  only  a  small  proportion  passes  into  vapour 
by  a  process  of  fractional  evaporation,  and  even  with  a  less  complex 
liquid  such  as  commercial  benzoline,  it  is  by  no  means  an  easy  matter 
to  make  experiments  the  results  of  which  would  be  of  much  practical 
value  except  as  a  basis  for  comparison.  ^ 

A  series  of  experiments  has  recently  been  carried  out  by  the  author, 
with  the  assistance  of  Mr.  Blundstone,  with  the  object  of  ascertaining 
the  character,  as  regards  inflammability,  of  mixtures  of  air  with  the 
vapour  of  crude  petroleum  and  of  certain  of  the  more  volatile 
products  of  petroleum  in  various  proportions.  The  apparatus  em- 
ployed consisted  of  a  glass  cylinder  or  churn  capable  of  being  rotated 
at  right  angles  to  its  longitudinal  axis,  an  arrangement  for  displacing 
a  known  volume  of  the  gaseous  contents  of  the  churn  by  admission 
of  the  required  volume  of  the  liquid  under  examination,  and  an 
explosion  chamber  in  which  the  character  of  the  combustion  of 
mixtures  of  the  air-gas  produced  in  the  churn,  and  of  air  in  various 
proportions,  were  tested.  The  explosion  chamber  consisted  of  a 
square  vessel  of  stout  tinplate,  1  cubic  foot  in  capacity,  with  an 
agitator  for  mixing  the  contents,  a  loose  cover  with  a  water  seal, 
tubulures  for  the  introduction  of  the  air-gas  and  escape  of  the  dis- 
placed air,  and  a  circular  vent  3  inches  in  diameter,  through  which 
the  igniting  flame  was  introduced. 

In  performing  the  test,  a  quantity  of  the  liquid  to  be  evaporated  was 
poured  into  the  churn,  which  was  then  rotated  for  a  time.  After  re- 
lieving the  pressure  produced  by  the  volatilisation,  by  permitting  a 
portion  of  the  gaseous  contents  of  the  churn  to  pass  into  the  displacing 
arrangement,  a  known  volume  of  the  gas  was  driven  into  the  explosion 
chamber.  This  chamber  was  then  disconnected  from  the  churn  by 
closing  a  tap,  its  contents  were  mixed  by  means  of  the  agitator,  the 
vent  was  opened  and  a  flame  was  applied. 
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TABLE  LVL — Expsbimkihs  with  Petbolettm  Spibit. 


Percentage 
by  volume 
of  Alr-Oas 
to  Air  in 
Explosion 
Chamber. 


2-0 
2*0 


2-5 


3-5 


4  0 
4-5 
50 


6-0 
7-5 


8  0 
8-6 


Gasoline. 

Specific  gravity  0*680. 

Temperature  68*  F. 


No  ignitioD. 

ExT>eriinent  repeated  in 
darkness  with  similar 
result. 

Very  sliffht  indication  of 
explosion.  Lambent 
blue  flame  slightly 
issuing  from  vent. 
Cover,  weighted  with 
7  lbs. ,  not  raised. 

Mild  explosion.  Small 
blue  flame  emitted 
from  vent.  Cover, 
with  7  lbs.  weight, 
slightly  raised. 

Somewhat  violent  explo- 
sion. Cover,  with  7 
lbs.  weight,  lifted. 


Very  violent  and  sharp 
explosion.  Cover, with 
7  lbs.  weight,  lifted, 
and  flame  issuing  be- 
tween it  and  box. 
Long  pale  blue  flame 
emitted  from  vent. 

Very  violent  explosion. 
Cover,  with  11  Iba. 
weight,  lifted. 

Very  violent  explosion. 
Cover,  with  7  lbs. 
weight,  lifted,  and 
ilame  emitted  from 
vent  scorching  at  dis- 
tance of  3  feet.  Ex- 
periment repeated 
with  11  lbs.  weight. 
Very  violent  explo- 
sion, but  cover  scarcely 
raised. 

Violent  explosion. 
Cover,  with  11  lbs. 
weight,  slightly  lifted. 

Cover,  with  11  lbs. 
weight,  moved  but 
not  lifted.  Long  flame 
with  tendency  to  lumin- 
osity emitted  from 
vent,  ignition  termi- 
nating in  explosion. 


Petroleum  Spirit. 

Specific  gravity  0*680. 

Temperature  65'  to  68*  F. 


Petroleum  Spirit. 

Specific  gravity  0*700. 

Temperature  66*  to  68*  F. 


No  ignition. 


Lambent  blue  flame. 
Ignition  extend- 
ing slowly. 


Mild  explosion. 
Cover,  with  7  lbs., 
scarcely  lifted. 


Somewhat      violent 
explosion. 


No  ignition. 


Ignition  extending 
very  slowly.  Lam- 
bent blue  flame. 

Explosion.  Cover, 
weighted  with  7 
lbs. ,  slightly  raised. 

Violent  and  rapid 
explosion.  Cover, 
with  7  lbs.,  slight- 
ly lifted. 


Explosion  more  vio- 
lent than  with  5 
percent. 
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TABLE  LVl.  ^Continued. 


Percentage 
by  volume 
of  Air-Gas 
to  Air  in 
Explosion 
Chamber. 


100 


11*0 


12-5 


14*0 


160 


Gasoline. 

Specific  gravity  0-689. 

Temperature  es*  F. 


Long  flaring  luminous 
flame.  Ignition  mer- 
ging into  slight  explo- 
sion. Cover,  weighted 
with  7  lbs.,  not  lifted 
though  moved. 

Gentle  combustion. 
Luminous  flame,  18 
inches  to  2  feet,  issuing 
from  vent.  Cover, 
with  7  lbs. ,  not  lifted. 


200 


Petroleum  Spirit. 

Specific  gravity  0*680. 

Temperature  65*  to  68*  F. 


Violent  explosion. 
Cover,  weighted 
with  7  lbs.,  lifted 
about  2  inches. 


Explosion  rather 
more  violent  than 
with  10  per  cent. 


Explosion  less  vio- 
lent than  with  10 
per  cent.  Cover, 
with  7  lbs., 
scarcely  raised. 
Long  flame  issuing 
from  vent. 

Flame  (luminous  at 
first,  then  pale 
blue)  issuing  from 
vent  to  a  distance 
of  a  yard.  Cover, 
with  7  lbs.,  not 
lifted. 

Gentle  combustion. 
Luminous  flame 
burning  quietly  at 
vent.  Cover,  with 
7  lbs.,  not  lifted 
or  moved. 


Petroleum  Spirit. 

Specific  gravity  0*700. 

Temperature  66*  to  68"  F. 


Very  violent  explo- 
sion. Flame  issu- 
ing round  cover  as 
well  as  from  vent. 


Extremely  violent 
explosion.  Flame 
from  vent  scorch- 
ing at  'a  distance 
of  2  to  3  feet. 


Long  flaring  flame 
with  some  lumi- 
nosity. Cover, 
with  7  lbs.,  not 
lifted. 

Gentle  combustion. 
Luminous  flame, 
burning  quietly  at 
vent.  Cover,  with 
7  lbs.,  not  raised. 


Note. — With  the  gasoline  (0*639),  the  minimum  percentage  of  air-gas  requisite 
to  produce  an  incipient  explosion,  was  2*5,  while  the  maximum  was  from  10  to  11. 

With  the  petroleum  spirit  (0*680),  the  minimum  was  between  4  and  5,  and  the 
maximum  15. 

With  the  petroleum  spirit  (0*700),  the  minimum  was  also  between  4  and  5,  but 
apparently  nearer  to  the  fontier  percentage  than  was  the  case  with  the  0'680 
spirit.  On  the  other  hand,  the  maximum  was  higher,  viz.,  20.  It  is  possible  that 
the  lower  minimum  may  have  been  due  to  the  presence  in  the  0*700  spirit,  of  a 
very  small  proportion  of  very  volatile  hydrocarbons,  which  were  absent  from  the 
0*680  spirit. 

The  conditions  under  which  the  air-^as  was  made  from  the  hydrocarbons,  were 
substantially  similar  in  the  three  sets  of  experiments,  and  the  results  are,  therefore, 
fairly  comparable. 

The  flame  of  a  taper  was,  in  each  experiment,  used  to  test  the  mixture. 
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TABLE  L VII.— Experiments  with  Crudb  American  Petroleum  Air-Gas. 

Temperature  75*  F. 


Percentage  by 

volume  of  Air-Gaa 

to  Air  in  Explosion 

Chamber. 


150,      .     .     . 
16  0,      .     .     . 


20-0,      .     .     . 


25  0, 

33-5, 

37  0, 

I  500, 


I 


Betulta  obtained  on  Testing  the  Mixture  with  the  Flame  of  a  Taper. 


•     •     • 


•     .     • 


No  ignition. 

Sluggish  explosion  gradually  increasing  in  violence.     Flame 

issuing  from  vent  to  a  distance  of  4  inches.     Unweighted 

cover  not  raised. 
Sluff^h  ignition.     Pale  blue  flame  issuing  from  vent  to  a 

distance  of  10  or  12  inches.    Cover,  weighted  with  14  lbs., 

not  raised  but  shaken. 
Instantaneous  and  violent  explosion.    Cover,  with  4  lbs., 

lifted  2  inches  at  comer ;  with  14  lbs.,  not  raised. 
Violent  explosion.     Cover,  with  14  lbs.,  lifted. 
Violent  explosion.     Cover,  with  14  lbs.,  lifted. 
Perhaps  even  more  violent  explosion.     Cover,  with  14  lbs., 

lifted. 


Note. — The  air-gas  used  in  the  above  experiments,  when  ignited  in  a  500-cabic 
centimetre  jar,  burned  with  a  flame  which  was  at  first-  of  comparatively  feeble 
luminosity,  and  afterwards,  shortly  before  its  extinction,  of  a  blue  colour. 

* 

TABLE  LVIII.— Experiments  with  Pentane  and  Gasoline  evaporated  nr 

Explosion  Cuamber. 

Weight  on  cover  =  8  lbs.     Temperature,  65**  F. 


Volume  of 

Liquid  to  Per  cent,  of 

<  lOO.UUU  Tolumek        Vapour. 
!         of  Air. 


Besults  obtained  on  Testing  the  Mixture  with  the  Flame 

of  a  Taper. 


0'G72       I  No  ignition. 


»f 


1-345 


Slight  combustion  round  large  flame. 

More  marked  combustion  round  flame. 

Very  sluggish  combustion,  extending  through  the 

mixture. 
Quiet  combustion,  scarcely  audible;  duration  about 

two  seconds. 
Hissing  sound  ;  water  blown  out  of  seal ;  cover  not 

lifted. 
Hissing  sound  ;   water  blown  out  of  seal ;  cover 

barely  lifted. 
Louder  hissing  sound  of  shorter  duration;  cover 

lifted. 


♦» 


2*017  Sharp  explosion. 


»» 


ft 


a 


2*590 


tf 
It 
)t 
,* 
It 
ti 
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TABLE  LVni.-^Continued. 


Volume  of 

Liquid  to 

Per  cent,  of 

Results  obtained  on  Testingthe  Mixture  with  the  Flame 

of  a  Taper. 

100,000  Yolomes 

Vapour. 

of  Air. 

161 

•  ■  • 

Sharp  explosion. 

18-8 

•  •  • 

»» 

17-5 

3*362 

Slightly  less  violent  explosion,  but  cover  lifted,  and 
outbnrst  of  flame. 

18-2 

•  «  « 

»f                )i                f»                f» 

18-9 

•  •  • 

>t                »»                f»                «> 

19-6 

•  •  • 

Roaring  sound ;  cover  slightly  lifted. 

20-3 

•  «  « 

"             »t             »»                        ^ 

210 

4034 

Prolonged  roaring  sound;    cover  practically  not 
lifted. 

28-0 

6-379 

Mixture  ignited  silently  at  vent,  and  flame  then 
travelled  into  the  chamber,  where  the  mixture 

continued  burning  quietly  for  three  seconds. 

Note, — With  7  volumes  of  the  liquid  to  100,000  volumes  of  air,  the  combustion 
is  a  silent  one,  while  with  four  times  that  proportion  of  liquid,  the  mixture  also 
bums  without  explosive  violence.  With  between  8  and  9  volumes  of  liquid  to 
100,000  of  air,  there  is  a  marked  increase  in  the  energy  of  the  combustion,  and 
when  the  quantity  of  liquid  is  augmented  to  10*5  volumes,  a  sharp  explosion  occurs. 
When  the  proportion  of  liquid  is  increased  beyond  about  17  volumes,  there  is  a 
perceptible  decrease  in  the  violence  of  the  explosion,  with  corresponding  gain  in 
the  volume  and  duration  of  the  flame,  and  with  21  volumes  of  liquid  to  100,000  of 
air,  the  explosion  is  as  mild  as  with  8*4  volumes. 

Some  of  the  results  obtained  in  the  manner  described  on  p.  509,  are 
given  in  Tables  LVI.  and  LVII.,  while  Table  LVIII.  records  those 
yielded  by  a  series  in  which  various  volumes  of  liquid  pentane  and 
commercial  gasoline  were  introduced  directly  into  the  explosion  cham- 
ber by  means  of  a  graduated  pipette. 

As  the  strength  of  the  explosion  chamber  was  not  sufficient  to 
permit  of  heavily  weighting  the  cover,  it  was  impossible  to  diflferen- 
tiate  between  the  explosive  force  exerted  by  the  combustion  of  several 
of  the  mixtures.  It  will  be  observed  that,  comparing  the  results 
obtained  by  use  of  the  "  churn,"  with  those  obtained  by  direct  evapo- 
ration in  the  explosion  chamber,  there  is  in  the  latter  case  a  smaller 
diflTerence  between  the  proportion  of  vapour  required  for  the  production 
of  an  inflammable  mixture,  and  that  necessary  for  obtaining  a  mixture 
exploding  with  the  maximum  violence.  This  apparent  discrepancy 
may,  however,  be  due  to  the  limited  scope  which  the  conditions  of  the 
experiments  afforded  for  recording  the  results  with  any  approach  to 
precision,  when  a  more  or  less  violent  explosion  occurred. 

In  the  case  of  a  petroleum  product  of  known  chemical  composition, 
there  is,  of  course,  no  difficulty  in  ascertaining,  by  calculation,  the  pro- 
portions of  vapour  and  air  requisite  for  the  production  of  the  most 
violent  explosion^  if  we  assume  that  in  such  case  the  hydrocarbon  is 
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burned  to  carbon  dioxide  and  water.  Thus,  in  the  case  of  pentane 
(C^Hjj),  we  find  that  1  cubic  foot  of  air  at  60°  F.,  and  30  inches 
barometric  pressure,  is  required  for  the  conversion  of  34*5  grains  (3^ 
cubic  centimetres  at  GC  F.;  into  CO^  and  HjO.  This  is  equivalent  to 
12*25  volumes  of  liquid  to  100,000  volumes  of  air,  and  on  referring 
to  Table  LVIII.,  it  will  be  seen  that  these  proportions  gave,  in  the 
author's  experiments,  a  violent  explosion. 

The  successive  stages  of  (1)  uninflammability,  (2;  silent  combustion, 
(3)  more  or  less  violent  explosion,  (4)  silent  combustion,  and  (5)  unin- 
flammability (except  on  the  surface  exposed  to  the  air),  occurring  dur- 
ing the  addition  to  air,  of  increasing  proportions  of  petroleum  vapour, 
are  similar  to  those  which  have  been  observed  in  experiments  with 
mixtures  of  combustible  gases  and  air.  Thus,  it  has  been  ascertained 
that,  if  to  the  violently  explosive  mixture  of  two  volumes  of  hydrogen 
and  one  volume  of  oxygen,  eight  volumes  in  excess  of  hydrogen,  or 
nine  volumes  in  excess  of  oxygen,  be  added,  the  mixture  is  rendered 
non-inflammable,  provided  that  the  temperature  of  the  gases  does  not 
exceed  18*  C,  and  the  pressure  is  not  above  14-7  pounds  per  square 
inch*  A  mixture  which  is  not,  under  such  conditions,  combustible, 
may,  however,  be  brought  into  an  inflammable  state  by  increase  of 
temperature  or  pressure,  and  it  has  been  found  that  flame  may  be 
propagated  through  a  mixture,  which  by  an  ordinary  test  would 
appear  to  be  uninnamniable,  by  projecting  into  the  mixture  a  consider- 
able volume  of  burning  gas,  in  consequence  of  the  resulting  increase  of 
temperature  and  pressure.  Messrs.  Mallard  and  Le  Chatelier  also 
ascertained  that  the  rate  of  propagation  of  flame  through  an  inflam- 
mable gaseous  mixture  was  aflected,  not  only  by  the  temperature  and 
size  of  the  igniting  flame,  but  also  by  the  mechanical  agitation  or 
disturbance  of  the  mixture  itself.  These  results  are  not  surprising 
when  it  is  considered  that  it  is  necessary,  for  the  spread  of  combustion 
in  an  inflammable  gaseous  mixture,  that  the  temperature  of  the  com- 
bustion should  be  sufficient  to  ignite  the  uninflamed  portion.  Accord- 
ing to  Messrs.  Berthelot  and  Yieille,  when  an  explosion  of  a  gaseous 
mixture  occurs,  a  number  of  ignited  molecules  are  projected  forward 
with  a  velocity  corresponding  with  the  maximum  temperature  produced 
by  the  chemical  combination,  the  impact  causing  the  ignition  of  the 
adjacent  particles,  and  the  rate  of  progression  of  the  combustion  being 
thus  dependent  upon  the  activity  of  the  chemical  action.  The  experi- 
ments made  by  Mr.  Hirn  with  the  view  of  determining  the  pressures 
resulting  from  the  explosion  of  gaseous  mixtures  in  closed  vessels 
showed  that  there  was  a  considerable  diflerence  between  the  theoretical 
and  observed  results,  which  he  ascribed  to  the  cooling  effect  exerted  by 
the  walls  of  the  containing  vessel.  Similar  diflTerences  were  observed 
by  Mr.  Dugald  Clerk.^  Messrs.  Berthelot  and  Yieille  also  ascertained 
experimentally  that  the  reduction  of  pressure  due  to  loss  of  heat  by 
raaiation  and  absorption  by  the  walls  of  the  vessel  is  in  proportion  to 
the  area  or  surface  of  the  vessel,  in  relation  to  the  volume  of  gaseous 
mixture,  and  to  the  slowness  of  the  combustion. 

^  Min.  of  Proc,  I  nut.  Civ,- EngiHeers^Xxxxv  ^^  \, 
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With  petroleum  oil  (kerosene),  it  is  difficult  to  produce  on  a  small 
scale  an  inflammable  mixture  of  vapour  and  air  at  temperatures  more 
than  a  very  few  degrees  below  the  flashing  point  (Abel  test)  of  the  oil, 
even  when  vigorous  agitation  is  resorted  to ;  but  when  large  volumes 
of  the  oil  are  violently  agitated,  as  in  the  operation  of  pumping  from 
one  tank  to  another,  vapour  appears  sometimes  to  be  disengaged  at  a 
somewhat  lower  temperature.  The  result  may,  in  part  at  any  rate,  be 
due  to  t  he  liberation  of  traces  of  gaseous  hydrocarbons  dissolved  in  the 
oiL  With  such  opportunities  for  the  diffusion  of  the  vapour  as 
ordinarily  exist  during  the  operations  which  tend  to  its  disengage- 
ment, it  is,  however,  unlikely  that  an  explosive  atmosphere  would  be 
created  at  temperatures  below  the  flashing  point  of  the  oil,  or  even 
somewhat  above  that  point ;  and  in  any  case,  it  is  evident  that  a  very 
moderate  amount  of  ventilation  would  obviate  any  risk  which  might 
otherwise  arise.  It  is  satisfactory  to  find  that  in  only  two  cases  has' 
the  inflammable  character  of  the  material  led  to  accident  in  the  marine 
transport  of  refined  petroleum  (kerosene)  in  bulk.  The  cases  are  those 
of  the  **Petriana,"  due  to  the  ignition  of  spray,  and  not  attended  by 
any  audible  explosion,  and  of  the  "  Lux,"  originating  in  the  ignition 
of  oil  in  the  boiler  space. 

The  conditions  under  which  an  explosive  mixture  of  petroleum 
vapour  and  air  may  be  ignited,  formed  the  subject  of  experimental 
investigation  by  Colonel  Majendie,  Dr.  Dupr6,  and  the  author,  in  con- 
nection with  the  destruction  of  the  "United."  It  was  found  that' 
neither  the  glowing  end  of  an  ordinary  wooden  match,  or  of  a  "  fixed 
st^r"  vesuvian  (the  flame  of  which  had  burned  out),  nor  a  red- 
hot  coal  (which  had  ceased  to  blaze),  nor  a  shower  of  sparks  from  a 
flint  and  steel,  was  capable  of  causing  the  combustion  of  the  mixture ; 
but  a  platinum  wire  raised  to  a  temperature  approaching  white-heat 
by  means  of  electricity,  invariably  caused  ignition,  though  at  red-heat 
no  such  effect  was  produced.  It  was  further  found  that  neither  the 
brilliant  sparks  emitted  by  the  Japanese  fireworks  known  as  "scin- 
tillettes,"  nor  those  discharged  from  the  fireworks  termed  "golden 
rain,"  sufficed  to  ignite  the  explosive  mixture. 

The  precise  temperature  requisite  for  ignition  varies  with  the 
chemical  composition  of  the  hydrocarbons  present  in  the  air,  for 
Victor  Meyer  has  found  that  a  mixture  of  oxygen  and  ethane  (CgH^) 
will  ignite  at  a  lower  temperature  than  a  mixture  of  oxygen  and 
marsh  gas  (CH^).  In  conjunction  with  A.  Miinch^  he  has  performed 
a  series  of  experiments  which  show  that  the  "explosion  temperature'^ 
of  a  mixture  of  a  gaseous  or  vaporised  paraffin  with  enough  oxygen 
for  complete  combustion,  is  higher  than  that  for  the  corresponding 
olefine,  in  the  case,  at  any  rate,  of  the  lower  members  of  the  series. 
The  average  temperatures  found  were  as  follows: — Ethane,  616'  C.  ^ 
ethylene,  680";  acetylene,  511*;  propane,  547*;  propylene,  505'; 
butane,  548*;  and  butylene,  543*. 

In  the  practical  application  of  these  results,  it  should  be  borne  In 
mind  that  while  a  heated  rivet  may  be  at  a  temperature  below  that 
1  Berichte  d.  d,  Chem.  OeselUcha/t,  1883,  xxvi.,  2421. 
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which  is  requisite  for  the  ignition  of  a  mixture  of  petroleum  vapour 
and  air,  its  employment  in  the  repairing  of  a  petroleum  tank  containing 
such  a  gaseous  mixture  may  nevertheless  be  attended  with  grave  risk. 
In  tanks  which  have  been  vised  in  the  transport  or  storage  of  petroleum, 
there  is  always  a  small  quantity  of  the  liquid  between  the  plates  at 
the  laps,  which  cannot  be  removed  in  the  cleansing  of  the  tanks,  and 
the  author  has  frequently  seen  a  flame  produced  by  the  ignition  of 
this  oil  when  a  heated  rivet  has  been  hammered  up.  A  flame  may 
also  be  produced  if  a  heated  rivet  is  accidentally  dropped  upon  cotton 
waste  or  sawdust,  especially  if  the  latter  are  oily.  An  electric  spark 
causes  the  ignition  of  an  explosive  mixture  of  petroleum  vapour  and 
air,  but  a  mixture  containing  a  very  small  proportion  of  hydrocarbon 
vapour  may  be  ignited  by  means  of  a  flame  when  the  passage  of  an 
electric  spark  fails  to  produce  active  combustion. 

There  are  several  cases  on  record  of  the  so-called  '^  spontaneous  '^ 
explosion  of  benzoline  vapour,  the  majority  of  which  have  occurred 
in  connection  with  the  process  known  as  "dry  cleaning,''  in  which 
petroleum  spirit  is  employed  as  a  detergent.  It  fell  to  the  lot  of 
the  author  to  investigate  an  instance  of  an  alarming  explosion  of 
this  character  at  a  leather  works,  in  December,  1890.  The  explosion 
took  place  in  a  strong  wrought-iron  tank  of  about  500  cubic  feet 
capacity,  and  although  not  sufficiently  violent  to  cause  the  bursting 
of  the  tank,  was  attended  with  a  loud  report  and  caused  much  con- 
sternation. It  was  attributed  at  the  time  to  some  chemical  action 
which  had  been  set  up,  but  the  author  was  enabled  to  demonstrate 
that  it  was  due  to  the  discharge  of  electricity  resulting  from  the 
friction  of  the  liquid  (petroleum  spirit)  and  the  other  contents  of 
the  tank.  The  subject  has  recently  been  investigated  by  Richter,^ 
who  finds  that  the  development  of  electricity  by  the  friction  of 
benzoline  occurs  with  silk  and  woollen  goods  (wool  becoming  positively 
and  benzoline  negatively  electrified),  but  not  with  cotton  and  linen 
fabrics;  and  that  at  low  temperatures  the  action  is  more  frequent 
than  at  higher  ones,  the  electrification  taking  place  very  readily  at 
— 15'  C,  with  ease  at  0*  C,  only  moderately  at  +  15°  C,  and  not  at 
all  at  +  22°  C.  and  upwards.*^  It  is  not  a  very  uncommon  occurrence 
in  petroleum  refineries  for  explosions  to  occur  in  the  agitators  in 
which  the  distillate  is  subjected  to  agitation  with  chemical  agents, 
and  it  is  probable  that  these  explosions  are  traceable  to  a  similar 
cause.  It  has  further  been  suggested  that  spontaneous  explosions 
which  have  taken  place  in  the  industrial  employment  of  ether,  carbon 
disulphide,  and  petroleum  spirit,  may  in  some  cases  be  due  to  the 
combustible  vapour  coming  into  contact  with  heated  surfaces,  the 
temperature  of  which  may  be  considerably  below  the  usually  accepted 
point  of  ignition,  owing  to  the  local  frictional  heating  resulting  from 
the  passage  of  a  stream  of  gas  under  pressure  between  confining  walls. 

^  ZeUnchriftfUr  angewandte  Chemie,  1893,  218-221. 

>  It  has  been  shown  by  Dr.  Richter,  Dr.  Schwarz,  and  others,  that  the  electrical 
excitation  of  petrolenm  spirib  may  be  prevented  by  the  addition  of  a  small  per- 
centage of  a  soap.  Soaps  made  with  potash,  ammonia,  and  magnesia,  appear  to 
have  all  been  employed  with  success  for  the  purpose. 
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An  interesting  illustration  of  the  manner  in  which  petroleum  vapour, 
when  ignited,  may  carry  flame  is  afforded  by  the  following  particulars 
obtained  from  an  eye-witness  by  the  author  while  engaged  in  investi- 
gating the  circumstances  attending  the  outbreak  of  Are  at  a  petroleum 
spirit  refinery  at  Hackney  Wick,  in  December,  1890.  Benzoline  was 
being  pumped  into  a  horizontal  cylindrical  boiler-plate  still,  provided 
with  a  2-inch  vent-pipe,  through  which,  as  the  still  was  warm  at  the 
time,  a  large  quantity  of  vapour  was  doubtless  escaping.  Immediately 
outside,  and  over  the  open  doorway,  at  the  west  end  of  the  house  in 
which  the  still  was  situated,  and  at  a  height  of  about  12  feet  from  the 
ground,  was  a  gas-lamp  alight.  At  the  east  end  of  the  still-house  was 
another  open  doorway,  and  as  a  strong  east  wind  was  blowing  at  the 
time,  the  vapour  would,  of  course,  be  swept  from  the  still  towards  the 
lamp  over  the  west  doorway.  The  eye-witness,  who  was  an  employ^, 
saw  flames  playing  round  the  lamp,  but  before  he  could  take  any  action, 
he  distinctly  observed  the  flame  flash  from  the  lamp  to  the  still,  and 
immediately  afterwards  the  still-house  was  in  a  blaze. 

From  the  experience  which  has  been  gained,  and  from  the  results  or 
the  experimental  investigations  described,  valuable  deductions  may  be- 
drawn,  not  only  in  respect  to  the  principles  of  construction  of  petroleum* 
tank  steamships,  to  which  sufficient  reference  has  already  been  made,^ 
but  also  in  regard  to  the  management  of  such  vessels. 

Precautions  to  be  observed   in  the  Management  of  Tank. 
Steamships,  the  Use  of  Naked  Lights,  Smoking,  Cleaning  Tanks^ 
and  Ventilation. — So  long  as  the  cargo  tanks  of  a  properly-constructed 
steamer  are  full  of  oil,  there  is  very  little  risk  of  fire  or  explosion  ex- 
cept through  serious  structural  damage  resulting  from  collision  or  other 
accident.     The  accumulation  of  vapour  in  the  'tween-deck  bunkers- 
through  leakage  of  oil  from  the  expansion  trunks  of  the  oil  tanks  into 
those  spaces  must,  however,  be  guarded  against  by  efficient  ventilation,, 
and  the  height  of  the  oil  level  in  the  expansion  trunks  should  be* 
frequently  ascertained,  with  a  view  to  taking  the  necessary  measures 
to  prevent  the  trunks  from  becoming  over-filled  or  empty  in  conse- 
quence of  increase  or  decrease  of  volume  of  the  oil.     The  coefficient  of 
expansion  of  petroleum  varies  according  to  its  chemical  composition,, 
but  for  practical  purposes  the  alteration  in  volume  may  be  taken  as. 
2  per  cent,  for  40°  F.,  and  this  is  the  smallest  amount  for  which  pro- 
vision should  be  made. 

Even  in  the  case  of  tank  steamships  carrying  crude  petroleum,  there^ 
would  not  be  sufficient  justification  for  any  attempt  to  prevent  smoking; 
and  the  use  of  matches  while  at  sea^  but  it  is  certainly  desirable  that 
special  places  should  be  set  apart  for  smoking  and  that  only  safety 
matches  should  be  used;  both  smoking  and  the  use  or  carrying  of 
matches  elsewhere  being  strictly  prohibited. 

The  chief  risk  of  accident  with  petroleum  tank  steamships  occurs 
during  the  operations  of  loading  and  discharging.  Accordingly,  when 
a  vessel  has  arrived  in  port  to  load  or  discharge  a  cargo  of  petroleum, 
smoking  or  the  use  or  carrying  of  matches  of  any  kind  anywhere  on 
board,  as  well  as  the  employment  of  naked  lights  and  fires  (other  than 
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the  main  boiler  fires,  which  should  be  banked),  should  be  rigorously 
prohibited.  Both  at  sea  and,  especially  while  in  port,  it  is  desirable 
that  the  vessel  should,  except  as  regards  the  necessary  marine  lights, 
be  liffhted  only  by  incandescence  electric  lamps,  the  ship  being  carefully 
wired,  the  positions  of  the  switch-boards  being  judiciously  chosen,  and 
any  hunps  used  in  spaces  liable  to  become  charged  with  vapour  being 
of  such  construction  as  not  to  constitute  a  source  of  danger.  It  is 
desirable  that  the  tank  covers  should  be  kept  closed  as  much  as 
passible  during  the  discharge  of  the  cargo,  and  in  the  case  of  crude 
petroleum  care  should  be  taken  that  the  covers  are  screwed  down  tight 
while  loading  is  in  progress  and  before  water  ballast  is  run  into  any 
tank  which  has  been  emptied  of  oil,  so  that  the  displaced  vapour  may 
bo  discharged  through  the  vapour-pipe. 

As  the  breathing  of  air  charged  with  a  considerable  quantity  of 

Setroleum  vapour  quickly  produces  insensibility,  and  in  view  of  the 
anger  of  explosion,  it  should  be  an  invariable  rule  to  expel  all  inflam- 
mable vapour  from  a  tank  in  which  any  work  is  to  be  done,  though,  if 
there  is  urgent  necessity  for  sending  a  man  into  an  uu ventilated  tank, 
he  may  be  furnished  with  a  Kleeman  respirator,  which  consists  of  a 
light  helmet  supplied  with  air  through  a  flexible  tube  from  a  small 
pair  of  double-action  bellows.  It  need  scarcely  be  said  that  when 
repairs  necessitating  the  employment  of  hot  rivets  are  to  be  carried 
•out,  thorough  cleansing  and  the  complete  removal  of  inflammable 
vapour  should  first  be  effected,  and  this  should  not  be  confined  to  the 
oil  tanks  themselves,  but  should  be  extended  to  any  ballast  tanks, 
-coffer-dams,  or  other  contiguous  spaces  into  which  leakage  of  oil  or 
diffusion  of  vapour  may  have  occurred. 

After  filling  the  empty  tanks  to  overflowing  with  water  to  discharge 
the  residual  oil,  and  pumping  out  the  water,  it  is  not  unusual  to 
inject  steam  into  the  tanks,  a  treatment  which  seems  to  be  advan- 
tageous. If  the  vessel  is  fitted  with  steam  jet  or  fan  ventilating 
appliances,  these  should  then  be  put  into  action,  and  soon  afterwards 
men  may  be  sent  into  the  tanks  to  clean  them  down  by  hand  with  a 
stream  of  water  from  the  pump,  the  operation  being  usually  completed 
by  drying  the  surfaces  with  sawdust.  If  there  are  no  arrangements 
for  exhausting  the  vapour  from  the  tanks,  the  best  must  be  done  with 
windsails. 

When  the  vessel  is  in  dry-dock,  the  ventilation  of  the  tanks  may 
be  greatly  expedited  by  knocking  out  a  number  of  rivets  at  the  bottom 
of  the  vessel  and  thus  making  openings  through  which  the  heavy 
vapour  may  flow  out.  It  has  been  suggested  that  instead  of  disturbing 
the  rivets,  either  a  manhole  or  two  or  three  plugholes  about  1 J  inches 
in  diameter  should  be  formed  at  the  bottom  of  each  oil  compartment. 

During  the  prevalence  of  electrical  disturbance,  the  removal  of 
inflammable  vapour  from  the  tanks  should  be  sus[>ended,  and  when 
the  proportion  of  vapour  in  the  tanks  is  believed  to  be  large,  care 
should  be  taken  not  to  carry  on  the  ventilation  while  other  vessels 
having  lights  and  fires  on  board  are  alongside. 

In  order  to  ascertain  that  ventilation  has  been  carried  out  efficiently, 
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it  is  necessary  that  the  atmosphere  of  the  oil  tanks  and  adjacent  spaces 
should  be  carefully  tested  for  petroleum  vapour.  In  reporting  upon 
the  "  Tancarville "  accident,  the  Inspectors  for  the  Board  of  Trade 
suggested  that  ''when  repairs  require  to  be  carried  out  in  a  vessel 
which  h:is  been  carrying  petroleum,  there  should,  in  our  judgment,  be  a 
formal  handing  over  of  the  vessel  to  those  by  whom  the  repairs  are  to 
be  undertaken,  and  a  certificate  given  that  the  tanks  and  all  dangerous 
spaces  have,  so  far  as  practicable,  been  adequately  cleansed  and  venti- 
lated and  rendered  free  from  risk  of  explosion  or  fire.  If  from  any 
cause  a  complete  certificate  of  this  sort  cannot  be  given,  then  it 
should  be  clearly  notified  which  tanks  or  spaces  have  not  been  cleansed 
and  are  still  dangerous."  Such  certificates  have  for  some  years  past 
been  issued  by  the  author  and  his  brother,  Mr.  Robert  Redwood, 
the  method  now  adopted  by  them  in  testing  being  that  described 
in  the  section  relating  to  the  testing  of  petroleum. 

The  Transport,  Storage,  and  Distribntion  of  Petroleum  in 
the  United  Kingdom,  &o. — The  kerosene  imported  into  Great 
Britain  and  Ireland  from  the  United  States  and  Russia  in  btdk,  is 
landed  at  the  ports  of  London,  Liverpool,  Barrow,  Bristol,  Oardifif, 
Shields,  Hull,  Plymouth,  and  Belfast. 

In  London,  the  principal  wharves  are  at  Purfleet,  Thames  Haven, 
Mill  wall,  and  Silvertown  on  the  Thames,  and  at  Bow  and  Bethnal 
Green  on  the  Lea  Cut  and  Regent's  Canal  respectively.  Discharge 
takes  place  direct  from  the  tank  steamer  into  the  storage  tanks 
at  Thames  Haven  and  Purfleet,  and  by  means'  of  a  pipe-line,  oil  is 
pumped  from  steamers  lying  in  the  Regent's  Canal  Dock  into  tanks 
at  Bow.  For  the  landing  of  the  oil  at  the  other  wharves  named,  tank 
barges  are  employed,  the  steamers  lying  during  the  discharge,  at 
moorings  in  the  Thames  at  Charlton  and  Greenwich.  Besides  these 
wharves,  at  which  the  storage  is  principally  effected,  there  are  smaller 
installations  at  Hammersmith,  Battersea,  Chalk  Farm,  Charlton, 
Greenwich,  and  Camberwell ;  and  to  facilitate  the  distribution  of  the 
oil  carried  by  barges  and  tank  railway  wagons,  there  are  many  still 
smaller  tank  depdts  at  railway  stations  and  elsewhere.  With  two 
exceptions,  the  larger  storage  installations  are  provided  with  vertical 
cylindrical  iron  or  steel  tanks,  placed  on  the  ground,  but  surrounded 
with  a  moat,  formed  by  embankments  or  walls,  of  a  capacity  equal 
to  that  of  the  tanks  enclosed.  These  tanks  are  usually  from  about 
40  to  70  feet  in  diameter,  by  about  2')  to  30  feet  in  height,  but  in 
some  instances,  are  as  much  as  90  feet  across.  The  largest  hold 
about  one  million  imperial  gallons,  each  inch  of  depth  being  equiv- 
alent to  about  3,300  gallons.  Some  of  the  tanks  have  a  flat  top 
with  a  raised  edge  forming  a  receptacle  for  water,  and  others  a 
slightly  domed  top.  The  exceptional  cases  referred  to  are  those  of  a 
wharf  at  Bethnal  Green  where  the  tanks  are  rectangular  and  are 
placed  underground,  and  one  of  the  wharves  at  Bow,  where  the  tanks 
are  of  concrete  lined  with  lead.  At  the  distributing  stations  on  the 
railways,  horizontal  cylindrical  tanks  are  employed. 

At  Liverpool,  the  Mersey  Docks  and  Biarbour  Board  have  erooted 
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a  number  of  vertical  cjlindrical  tanks,  holding  from  2,000  to  3,000  tons 
of  oil  each,  in  the  neighbourhood  of  the  Herculaneura  Dock.  The 
tank  steamers  discharge  in  the  dock,  and  the  oil  is  pumped  direct  into 
the  tanks  through  an  8-inch  pipe-line.  At  Birkenhead,  there  are  other 
similar  installations  adjoining  the  Great  Float  Dock  where  the  tank 
steamers  discharge. 

In  the  BarroWy  Hull,  and  Bristol  (Avonmouth)  Docks,  provision 
has  also  been  made  for  the  direct  discharge  into  storage  tanks. 

Comparativelj  little  kerosene  is  now  landed  in  barrels  at  the  ports 
already  referred  to,  but  barrelled  oil  is  largely  shipped  to  the  less 
important  centres  of  distribution  on  the  coast,  especially  in  the  case  of 
Ireland.  Oil  in  barrels  is  stored  in  piles  either  in  sheds  or  in  the  open 
air,  but  if  it  is  not  placed  in  a  building,  it  must  be  protected  from  the 
sun  and  wind,  which  would  cause  drying  and  shrinking  of  the  barrels, 
and  consequent  loss  of  oil  by  leakage.  In  some  places,  where  the  soil 
is  sandy,  the  barrels  are  buried  in  trenches  if  the  oil  is  to  be  stored  for 
a  long  time.  The  barrelled  oil  stores  are  surrounded  by  an  embank- 
ment or  a  wall,  to  prevent  outflow  in  case  of  flra 

Lubricating  oils  are  imported  from  the  United  States  in  barrels,  but 
firom  Russia  are  brought  in  bulk.  The  solar  oil  distillate  used  by  gas 
companies  in  the  manufacture  of  carburetted  water  gas  and  in  the 
carburetting  of  coal  gas,  is  also  shipped  in  bulk.  Paraffin  scale  for 
candle  making  is  transported  in  barrels,  the  material  being  frequently 
run  into  the  packages  in  a  melted  state ;  and  paraffin  wax  is  packed  in 
cases. 

Under  the  regulations  made  by  the  Thames  Conservancy,  petroleum 
spirit,  which  is  brought  into  the  port  of  London  in  barrels  from  the 
United  States,  is  landed  at  Thames  Haven,  and  is  stored  in  concrete 
warehouses,  where  it  is  kept  cool  and  not  exposed  to  currents  of  air, 
loss  by  evaporation  being  thus  minimised.  Similar  provision  for  the 
storage  of  petroleum  spirit  in  barrels  is  made  at  the  port  of  Liverpool, 
and  elsewhere. 

The  principal  ports  on  the  European  Continent  into  which  kerosene 
is  imported  in  bulk,  are  Antwerp,  Rotterdam,  Hamburg,  Bremen, 
Amsterdam,  and  Stettin.  At  all  these,  the  arrangements  for  storage 
are  similar  to  those  already  described  in  the  case  of  the  larger  instal- 
lations in  the  United  Kingdom.  The  tank  steamships  discharge  in 
the  docks  direct  into  the  storage  tanks,  unless  this  is  rendered  im- 
possible by  insufficient  depth  of  water,  in  which  case  the  vessels  are 
moored  in  the  stream  and  the  oil  conveyed  from  them  by  tank  barges. 

The  oil  imported  into  Antwerp,  Rotterdam,  and  Amsterdam,  is 
distributed  in  Belgium  and  Holland  in  railway  and  road  tank 
wagons,  and  in  barrels  of  wood  or  steel.  Much  of  the  oil  landed 
at  the  first  two  of  these  ports,  is  conveyed  into  Germany  in  tank 
barges  of  very  considerable  capacity,  by  way  of  the  Scheldt  and  Maas 
and  the  Rhine.  From  Hamburg,  the  oil  is  principally  conveyed  by 
tank  barges  up  the  Elbe,  and  stored  in  distributing  dep6ts  at  Riesa 
and  elsewhere.  From  Bremen,  the  distribution  is  chiefly  eflected  in 
railway  tank  wagons  and  in  barrels. 
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For  the  supply  of  the  Elastem  markets,  keroEene  has  until  recently 
been  shipped  only  in  cases,  but  it  is  now  also  carried  in  bnlk  in  tank 
steamships  through  the  Suez  Canal,  and  tank  storage  installations 
have  been  erected  in  Yokohama,  Kobe,  Nagasaki,  Singapore,  Fenai^, 
and  Bangkok,  as  well  as  in  some  of  the  Indian  ports. 

Mr.  Carrington  has  given  an  account '  of  the  methods  adopted  in 
this  country  for  receiving,  storing,  and  barrelling  refined  iietroleum 

for  distribution  to  the  re- 

tailer.  The  oil  is  trans- 
ferred from  the  ship  to  the 
atori^  tanks  by  pumping 
it  through  a  line  of  wrought- 
iron  piping  of  6  to  8  inches 
diameter.     The  pipe-line  is 

fireferably  laid  in  straight 
engths,  with  T-pieces  in- 
stead of  curved  pieces  at 
the  angles,  in  order  to  facili- 
tate cleansing,  and  is  tested 
to  about  60  lbs.  ]>er  square 
inch.  The  pipe-line  is  pro- 
vided with  cocks  where  air 
is  likely  to  collect,  and  is 
so  arranged  that  it  may  be 
emptied  on  the  completion 
ofthe  discharge  of  the  cargo. 
The  flexible  hose  which  con- 
nects the  pipe-line  with  the 
tanks  in  the  ship,  is  usually 
made  of  a  number  of  layers 
of  prepared  canvas,  strongly 
wired  both  inside  and  out- 
side, and  covered  with  a 
tight  layer  of  Manilla  cord. 
Gun-metal  flanged  connec- 
tions are  fitted  to  each  end. 
As  the  first  poi'tion  of 
the  cargo  discharged  is 
often  cloudy,  and  occasion- 
ally mixed  with  water,  the 
pipe-line  is  in  some  cases 
fitted  with  abrancfa,  throngh 
which  such  oil  may  be  diverted  to  a  "dirt  tank"  (Figs.  179  and  180), 
having  a  capacity  of  about  20,000  gallons.  After  being  allowed  to 
settle  for  a  few  days,  this  oil  is  transferred  to  the  storage  tank  or 
barrelled  at  once. 

The  pipe  delivering  the  oil  into  the  stor^e  tanks  may  pass  in 

through  the  top  to  the  bottom  of  the  tank  as  in  Fig.  181,  or  may  enter 

'  Minuttt  of  Proc.  Iimt.  Civ.  Engiiutrt,  cv. 


Fig.  180. 
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throagh  the  Kide-)i]ateB  as  in  shown  in  the  name  tigure.  In  the  latter 
cue,  it  is  titteri  with  b  swivel  joint,  so  that  it  may  also  be  used  for 
drawing  off,  either  I'rom  near  the  aur&ce  or  from  any  other  level.  The 
pipte  preferahly  terminates  in  a  flattened  nozzle,  for  this  constrnction 
prevents  jarring  of  the  tank  during  filling;,  and  minimises  the  spraying 
of  the  oil.  The  oil  is  pumped  into  the  tanks  at  the  rate  of  from  600 
to  1,000  barrels  per  hour,  the  pressure  in  the  pipe  ranging  from 
20  to  40  lbs.  |)er  inch.  The  capacity  of  the  tanks  varies  from  3,000 
barrels  (120,000  gallons)  to  upwards  of  20,000  barrels  (800,000 
gallons),  the  num)>er  and  size  depending  upon  local  circumstances. 
The  bottoms  of  the  tanks  are  flat,  and  are  formed  of  the  largest 
possible  plutes,  to  mitiimiBe  the  number  of  seams.  On  shingly  or 
rocky  grunnd,  the  foundiitions  nrn  merely  formed  by  levelling,  but 
on  marshy  siteii,  various  forms  of  foundation  aro  used.     Sometimes  the 
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tanks  are  bedded  upon  a  thick  layer  of  concrete,  or  upon  a  timber 
foundation  built  upon  piles.  Mr.  Carrington  has  introduced  a  found- 
ation of  creosoted  timber  consisting  of  two  layers  of  baulks  arranged 
crosswise,  and  covered  by  timbers  on  which  the  tank  rests.  Another 
method  of  procedure,  which  has  been  found  satisfactory  for  marshy 
ground,  consists  in  covering  the  site  with  a  thick  layer  of  brushwood, 
on  which  is  laid,  first  about  18  inches  of  well-rammed  chalk,  and  then 
from  G  to  8  inches  of  clean  ballast.  Sufficient  ventilation  is  obtained 
by  the  use  of  wjndsaila  in  the  manholes,  to  allow  of  men  entering  and 
cleaning  out  the  tanka  a  few  hours  after  the  removal  of  the  oil. 

The  depth  of  oil  is  usually  ascertained  by  means  of  a  sounding 
apparatus,  introduced  by  the  author  and  his  brother.  This  consists 
of  a  suitably  loaded  steel  taj)e  on  which,  at  about  the  level  of  the  oil, 
an  ebony  plate  is  clipped.  As  the  oil  level  is  very  clearly  defined  on 
the  Enrfaco  of  the  ebony  indicator,  accnrate  measurements  can  thus  be 
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taken ;  anil  tlie  appliances  possess  other  obvious  advantages  over  tbe 
rigid  sounding  rod  j)reviously  employed. 

To  ascertain  the  presence  and  amount  of  water  in  a  tank  conlaining 
oil,  the  water-finder  and  gauge  patented  by  Messrs.  Horley  A  Sedgley 
has  been  used.  The  instrument  consists  of  a  glass  tube  lixed  in  a 
frame,  and  provided  with  a  sliding  cap  by  means  of  which  the  lower 
end  can  be  closed.  When  the  apparatus  is  lowered  into 
the  liquid,  the  tube  is  open  at  both  ends,  but  on  the 
sliding  cap  coming  into  contact  with  the  bottom  of  the 
tank,  the  frame,  which  is  weighted,  descends ;  the  tube 
is  thus  closed  at  the  bottom,  aii<)  a  sample  of  the  liquid 
or  liquids  enclosed.  In  Fig.  183,  the  tube  is  shown  open 
for  the  entrance  of  the  sample. 


Fig.  182. 


Fig.  183. 


Fig.  1S3  reriresents  n  registering;  wat'r-findcr  intniiliii'ed  by  the 
author  in  conjunction  with  Mr.  Kobert  Redwood  and  Mr.  Herbert 
Barringer,'  and  now  in  general  use.  It  depends  for  its  action  upon 
the  change  effected  by  water  on  the  surfivce  of  a  chemically -prepared 
paper  which  is  unacted  n|>on  by  oil,  and  consists  of  a  weighted  hollow 
brass  cytinHer  provided  with  a  convenient  means  of  suspension  in  a 
vertical  position,  and  with  a  sliding  hra.ss  collar  which  fits  tightly  when 
in  the  |iosition  shown.  This  collar  holds  in  position  a  strip  of  the 
prepared  paper,  which  lies  in  two  longitudinal  grooves  cut  on  opposite 
sides  of  the  cylinder.  At  the  side  of  each  groove,  a  scale,  divided  into 
'  See  Indntlr'fF,  Jan.  20,  1893,  49. 
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iDcbes  and  tenths,  is  engraved  on  the  cylinder.  The  apparataa  ia 
lowered  into  the  tank  by  a  cord,  and  when  it  touches  the  bottom,  is 
allowed  to  remain  in  a  vertical  position  for  a  sufficient  length  of  time 
for  the  water  to  act  upon  the  prepared  surfact — usually  about  thirty 
seconds.  On  withdrawing  tlie  instrument,  the  depth  of  the  water  is 
found  indic&ted  oa  the  paper  on  both  sides.  The  illusti-ation  exhibits 
the  appearance  of  the  apparatus  after  use,  the  paper  registering  a 
depth  of  eight-tenths  of  an  inch  of  water. 

it  ia  important  to  have  a  means  of  accurately  determining  the 
quantity  of  water  present,  for  it  is  the  invariable  practice  to  ascertain 
the  outturn  of  each  cargo  by  measuring  the  depth  of  the  contents  of 
the  storage  tanks  when  the  discharge  has  been  completed,  the  volume 
being  converted  into  weight  by  calculation,  on  the  baaia  of  the  specific 
gravity  of  the  oil,  and  it  ia  therefore  necessary  to  know  what  depth  of 
water  is  to  be  deducted  from  the  total  depth  of  liquid. 


Fig.  184. 

For  distribution,  the  oil  flows  or  is  pumped  through  a  pipe  from 
4  to  6  inches  in  diameter,  Into  tank  barges,  or  into  a  filling  tank,  and 
thence  through  a  smaller  pipe  into  tank  railway  wagons,  ^nk  road 
wagons,  or  barrels.  The  tank  barges  are  of  iron  or  steel,  or  of  wood 
with  independent  iron  or  steel  tanks,  and  arc  often  of  large  capacity. 
The  distrioutton  of  oil  in  bulk  has  led  to  the  very  general  use  of  such 
barges  on  rivers  and  canals.  In  some  ports — that  of  London,  for 
instance— tank  steamers  cannot  approach  certain  of  the  wharves  at 
which  kerosene  ia  stored,  and  in  such  cases,  as  ulready  stated,  the  oil 
is  conveyed  from  the  steamer  to  the  wharf  in  tank  baizes. 

The  rood  wagons  now  largely  employed  by  the  principal  distributing 
companies  for  conveying  the  oil  in  bulk  to  the  retailers  in  this  country, 
ai-d  fitted  with  horizontal  cylindrical  tanks,  which  are  madu  of  steel, 
and  are  commonly  3J  feet  in  diameter  by  8  feet  in  length.  The  empty 
barrels  received  at  the  depOt  for  refilling  are  examined,  and  thoae  which 
require  repair  are  sent  to  the  coopering  department.  Here  they  are, 
if  necessary,  steamed  out,  and  re-coiited  inside  with  a  weak  solution 
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of  glue,  which  is  kept  hot  by  steam  in  a  jacketed  pan  (Fig.  184). 
Each  l^rrel  is  charged  with  about  a  quart  of  the  liquid  through  » 


Biphon-pipe,  and  aft«r  the  bunghole  has  been  closed,  is  rolled  about  br 
the  workman  so  that  the  whole  is  covered.  The  barrel  is  then  atru^ 
near  the  bnnghole,  which  cansea  the  bung  to  be  blown  oat  by  the 
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steam  inside,  and  is  placed  in  such  a  position  that  the  surplus  glue 
may  drain  out  into  a  zinc-lined  trough.  The  barrels  are  next  placed 
for  some  time  in  a  drying-room,  and  are  finally  re-painted  and  weighed, 
the  tare  being  marked  upon  each. 

The  barrel-cleaning,  glueing,  and  drying  arrangements  employed  at 
a  petroleum  storage  installation  at  Avonmouth,  are  shown  in  Figs. 
185  to  187.^  At  the  end  of  the  boiler-house  is  a  large  air-heating 
chamber  (Fig.  187)  containing  a  coil  of  steam  pipes.  The  chamber 
communicates  with  a  blower  by  a  pipe,  A  A,  and  with  the  main  air 
pipe  by  pipes,  B.  From  the  main  air  pipe,  three  branches  lead  to  three 
pipes,  from  which  are  taken  short  branches,  E,  of  inch  pipe  arranged 
about  2  feet  apart,  and  so  spaced  as  to  enter  the  bungholes  of  the 
barrels,  which  are  placed  over  them  in  three  nests  of  eight  barrels 
each.  Valves,  G,  permit  of  shutting  off  connection  with  any  or  all  of 
the  nests  of  barrels.  Similarly,  steam  from  the  boiler  passes  through  a 
pipe,  H,  into  a  main,  O,  from  which  it  passes  into  branches,  P,  lead- 
ing into  the  branches  of  the  main  «ir  pipe.     The   barrels  are  first 


Fig.  180. 

steamed  for  ten  or  fifteen  minutes,  after  which  the  steam  is  shut  off 
at  Q;  the  hot-air  valve,  F,  and  the  branch  valves,  are  then  opened,  and 
the  barrels  are  dried  with  hot  air. 

The  arrangements  for  coating  the  barrels  with  glue  are  shown  in 
Figs.  185  and  186.  After  draining,  the  barrels  are  lifted  to  the 
fioor  above  by  a  lift,  D,  to  be  painted. 

The  filling  tank  in  connection  with  the  barrelling  house  is  ])laced 
at  an  altitude  of  8  or  10  feet,  and  the  oil  flows  from  it  into  the  barrels 
through  a  pipe  arranged  about  30  inches  above  the  ground,  and  having 
branches  7  feet  apart  fitted  with  flexible  hose  and  automatic  cocks,  so 
that  a  number  of  barrels  can  bo  filled  simultaneously  (see  Fig  188). 
As  soon  as  the  barrel  is  sufficiently  charged — space  being  left  for 
expansion  of  the  oil — the  supply  is  automatically  cut  oft*;  the  barrel 
is  then  bunged,  and  replaced  by  an  empty  one.  Fig.  188a  represents 
the  automatic  cock  introduced  by  the  IStandard  Oil  Company.  It  is 
fitted  with  a  float  which,  as  shown,  releases  a  catch  when  the  oil 
reaches  a  certain  level,  and  allows  a  valve  to  close. 

*  Pickwell,  Min.  <^  Froc.  Jnut,  Civ.  Enginetr9,  1891,  civ.,  254. 
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A  steel  barrel  has  been  introduced  by  the  Sociiti-  Anonyme  de 
Bonet,  of  Namur.  It  is  formed  in  two  sections,  eacli  of  which  is  made 
from  A  flat  steel  plate  by  heavy  pressure.  The  two  sections  are  joined 
by  presfiure,  the  fianged  edges  being  so  formed  as  to  interlock.  Such 
a  barrel,  of  a  capacity  of  44  gallons,  is  stated  to  weigh  about  70  Iba. 

The  steel  barrels  manufactured  under  the  patents  of  Barraclough  and 
HeatoD  are  of  the  same  shape  and  externally  of  the  same  size  as  the 
wooden  barrels  now  in  use,  but  are  capable  of  containing  50  gallons  of 
oil.  The  bodies  are  nuide  from  rectangular  sheets,  with  a  single  longi- 
tudinal joint  welded  by  an  electrical  process.    The  ends  are  of  stamped 


steel,  and  are  fixed  between  un  outer  and  an  inner  steel  hoop.     A 
screw-plug  is  fitted  to  the  body  and  to  one  end. 

Cttird'a  patent  steel  barrels  are  stamped  cold  out  of  sheet  steel,  of  a 
suitable  thickness,  according  to  the  size  and  strength  I'equired.  They 
are  made  without  longitudinal  seams,  and  are  strongly  jointed  circum- 
ferentiolly  by  spinning  the  edges  of  the  two  shells  together  and  locking 
them  in  such  a  manner  that  it  is  impossible  for  them  to  become  dis- 
jointed. At  the  same  timp,  the  increased  thickness  of  metal  at  the 
joint  adds  greatly  to  the  strength  of  the  barrel  at  the  point  where  it  is 
most  liable  to  shock  or  strain.  The  smaller  barrels  have  oae  joint 
only,  made  on  the  outside,  but  below  the  bilge.     The  larger  are  made 
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with  three  joints,  two  being  on  the  inside,  forming  a  circumferential 
T  rib,  the  middle  joint  being  formed  as  in  the  smaller  barrels.  The 
weight  of  the  40-gallon  steel  barrel  is  stated  not  to  exceed  that  of  a 
wood  barrel  of  equal  capacity.  The  steel  barrels  are  of  the  same 
shape  as  wood  barrels,  and  are  of  uniform  capacity  and  weight. 
There  are  two  methods  of  closing  the  barrels.  The  bung  and  vent 
holes  may  be  stamped  out  so  as  to  leave  a  short  neck  inside  the 
barrel,  so  that  ordinary  wooden  shives  can  be  used,  or  at  a  small 
extra  cost,  a  screwed  ring  and  cap  for  the  bung  hole  and  a  screwed 
vent,  can  be  fitted. 

The  Anglo-American  Oil  Company  have  introduced  a  very  convenient 
form  of  storage  tank  for  kerosene  for  domestic  use.  It  is  fitted  with  a 
small  pump,  by  means  of  which  an  oil  can  or  even  the  lamp  reservoir 
itself  is  easily  filled  without  risk  of  spilling  the  oil,  and  is  provided 
with  a  hinged  cover  to  exclude  dust. 
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SECTION    IX. 

THE  TESTING  OF  CRUDE  PETROLEUM,  PETROLEUM  UXD 
SHALE  OIL  PRODUCTS,  OZOKERITE  AND  ASPHALT. 

A  LARGE  number  of  physical  and  chemical  tests  are  applied  to  the 
raw  material  and  manufactured  products  to  which  this  work  relates. 
The  industry  is  conducted  upon  a  basis  of  recognised  standards  of 
quality,  and  testing  is  necessary  on  the  one  hand  to  satisfy  the  refiner 
Uiat  his  processes  are  being  properly  conducted,  and  on  the  other  to 
protect  the  buyer.  Moreover,  certain  products  are  required  to  con- 
form to  statutory  and  municipal  regulations,  and  prescribed  tests  have 
to  be  applied  in  connection  with  these  restrictions. 

Crude  Fetroletun. — The  density  of  crude  petroleum,  and  the 
amount  of  water  and  earthy  piatter  in  suspension,  are  usually  ascer- 
tained. In  many  cases,  a  test  of  fractional  distillation  is  applied  with 
a  view  of  detecting  any  admixture  of  distilled  products  or  residue. 
In  Burma,  the  flashing  point  is  frequently  determined  in  connection 
with  regulations  relating  to  the  transport.  It  may  also  be  requisite, 
in  the  case  of  a  crude  oil  from  a  new  district,  to  take  note  of  the 
colour  and  odour,  to  determine  the  flashing  point,  the  viscosity, 
whether  separation  of  solid  hydrocarbons  takes  place  on  cooling,  and 
if  so  at  what  temperature,  and  whether  sulphur  is  present,  and  if  so 
in  what  proportion ;  also  to  ascertain  experimentally  what  percentage 
of  the  usual  commercial  products,  oil  similar  to  the  sample  may  be 
expected  to  yield  on  the  manufacturing  scale.  In  rare  instances,  it 
may  be  desirable  to  determine  the  elementary  composition  of  an  oil 
and  its  calorific  value. 

Fetroletun  Spirit  and  Shale  Spirit. — In  the  case  of  petroleum 
spirit  or  naphtha,  including  benzine,  gasoline,  <kc.,  the  specific  gravity 
and  range  of  boiling  points  are  the  most  important  characters,  but  the 
fractional  distillation  test  is  also  sometimes  applied.  Deodorised 
American  petroleum  spirit  should  leave  no  unpleasant  odour  when  it 
is  evaporated  on  the  hand,  and  when  it  is  to  be  employed  as  a  sub- 
stitute for  oil  of  turpentine  in  paints,  it  is  important  that  it  should 
contain  no  sulphur  compounds.     Shale  spirit  is  similarly  tested. 

Kerosene  and  FarafQ.n  Oil. — The  colour,  odour,  flashing  point 
or  fire  test,  and  specific  gravity  of  kerosene  and  paraffin  oil  (from 
shale)  are  in  most  cases  the  only  characters  to  be  determined  for 
contract  purposes,  and  of  these,  usually  only  the  flashing  point  or  fire 
test  is  taken  cognisance  of  in  legal  enactments.  The  oil  is,  however, 
occasionally  examined  as  to  its  "  burning  quality,"  its  **  capillary 
power,"  its  composition  (as  ascertained  by  fractional  distillation),  its 
acidity  or  alkalinity,  its  freedom  from  "soaps,"  its  freedom  from 
sulphur  compounds,  and  the  amount  of  ash  which  it  yields. 


GENERAL  DESCRIPTION.  53 1 

Iiighthonae  Oil. — The  Trinity-house  contract  conditions  for  mineEml 
oil  intended  for  use  in  lighthouse  lamps  specify  that — 

1.  The  mineral  oil  required  to  be  supplied  under  this  contract  is  to  be  of  the 
beat  possible  quality,  the  greatest  care  is  to  be  taken  in  its  preparation,  and  it 
must  oe  perfectly  free  from  sulphuric  acid. 

2.  In  all  cases,  whether  the  oil  be  petroleum  or  paraffin,  its  flashing-point  is  to 
be  determioed  by  using  the  apparatus  described  in  Schedule  1  of  the  Petroleum 
Act  of  1879. 

3.  If  the  oil  be  petroleum,  its  flashing-point  is  to  be  not  lower  than  125^  F.  . 
(close  test),  and  it  is  to  distil  between  802"  and  572°  F.,  the  temperature  of  the 
vapour,  not  that  of  the  liquid,  being  taken. 

4.  If  the  oil  be  paraffin,  its  specific  gravity  is  to  be  not  less  than  0*810,  nor  ' 
greater  than  0*820,  at  60**  F.;  its  flashing-point  is  to  be  not  lower  than  140^  F.  ' 
(close  test),  and  it  is  to  distil  between  '3CG^  and  572°  F.,  the  temperature  of  the 
vapour,  not  that  of  the  liquid,  being  taken. 

5.  The  illuminating  power  of  the  oil  supplied,  whether  petroleum  or  paraffin,  ia 
to  be  equal  to  that  of  the  best  colza  oil  when  consumed  in  a  Trinity-house  Argand 
lamp. 

For  the  distillation  test,  about  250  grammes  of  the  oil  may  be  taken, 
the  operation  being  conducted  in  an  ordinary  distillation  flask  with 
the  bulb  of  the  thermometer  midway  between  the  shoulder  of  the 
flask  and  the  lateral  tube  leading  to  the  condenser.  The  upper  part  of 
the  flask  should  be  wrapped  in  asbestos  cloth. 

The  United  States  Lighthouse  establishment  stipulates  that  mineral 
oil  supplied  for  use  in  lighthouse  lamps  shall  have  a  specific  gravity  , 
''not  less  than  0*802/'  a  flashing-point  of  not  less  than  140"*  F.,  and  a 
Are  test  of  not  less  than  154**  F.,  both  these  tests  being  made  with 
Tagliabue's  instrument.  The  oil  is  to  remain  limpid  at  zero;  and 
"  litmus  paper  immersed  in  it  for  five  hours  must  remain  unchanged." 
The  oil  is  to  be  photometrically  tested  in  a  fifth-order  Hains  lamp, 
and  the  light  is  to  be  equal  to  that  of  eighteen  sperm  candles,  and  to 
continue  undiminished  during  five  hours'  burning. 

Mineral  Colza  (or  Sperm)  Oil. — The  colour,  specific  gravity,  and 
flashing  point  of  this  oil  are  commonly  ascertained. 

Solar  Oil  Distillate. — The  specific  gravity  and  flashing  point  of 
this  product  are  usually  determined,  and  in  some  instances  the  oil  is 
subjected  to  fractional  distillation  in  order  to  ascertain  whether  it  is  a 
''natural  distillate,"  as  distinguished  from  an  ^'artificial"  mixture  of 
distillates. 

Iiubricating  Oils. — The  principal  characters  to  be  determined  in 
respect  to  lubricating  oils  are  the  colour  (in  the  case  of  '^  pale  "  oils), 
the  odour,  the  viscosity,  the  flashing  point,  the  "  cold  test,^  and  the 
specific  gravity.  In  some  cases,  the  loss  by  volatilisation  on  exposure 
to  an  elevated  temperature  is  also  ascertained.  Lubricating  oils  should 
be  free  from  acid  and  alkali,  and  should  not  have  any  empyreumatic 
odour.  The  viscosity  of  "  pale  "  machinery  oils  is  usually  determined 
in  this  country  at  the  temperatures  of  70"  F.  and  140**  F.,  and  of 
"  cylinder  "  oils  at  200°  and  250"  F.  The  extent  of  reduction  in  vis- 
cosity  on  an  elevation  of  temperature,  is  a  point  of  practical  importance; 
hence  it  is  the  practice  to  make  the  test  at  two  temperatures.  The  . 
cold  test  of  "  pale  "  machinery  oil  is  usually  the  point  at  which  separ-  , 
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ation  of  solid  hydrocarbons  commences  on  a  gradual  reduction  of 
temperature ;  and  of  "  black  "  oils,  the  point  at  which  the  oil  ceases  to 
flow  when  slowly  cooled.  "  Compound  "  oils,  or  mixtures  of  mineral 
oils  with  fixed  oils,  are  largely  employed  for  lubricating  purposes,  and 
it  is  frequently  necessary  to  determine  the  proportions  in  which  these 
oils  are  present.  "  Cylinder"  oils — 1.«.,  oils  for  the  intei'hal  lubrication 
of  steam  engine  cylinders — should  not  contain  fixed  oils,  as  the  latter 
are  decomposed  by  high-pressure  steam,  and  soaps  are  formed  by  the 
action  of  the  liberated  fatty  acids  upon  the  metallic  surfaces.  Black 
oils  should  be  free  from  solid  matter  in  suspension.  Occasionally,  the 
chemist  is  called  upon  to  determine  whether  resin  oil  is  present,  or 
whether  any  agent  has  been  added  to  impart  *' artificial"  viscosity. 
In  Italy,  there  is  a  differential  duty  on  mineral  oils,  and  a  fractional 
distillation  test  is  applied  to  lubricating  oils  to  determine  whether 
more  than  the  maximum  of  10  per  cent,  of  distillate  is  obtained  below 
310°  C.  The  operation  is  conducted  with  20  grammes  of  the  oil  in  an 
ordinary  distillation  flask,  with  the  bulb  of  the  thermometer  just  below 
the  vapour  tube. 

Paraffin. — The  testing  of  paraffin  is  usually  confined  to  the  deter- 
mination of  the  *^ melting  point''  (setting  point)  and  the  percentage  of 
oil,  water,  and  dirt  present. 

Fetroletun  Besidutun. — In  the  case  of  American  petroleum  resi- 
duum, it  is  usual  to  ascertain  the  density,  the  flashing  point,  and  the 
freedom  from  water  and  coke  or  other  solid  matter.  In  the  case  of 
Russian  petroleum  residuum  (astatki)  intended  for  use  as  fuel,  the 
flashing  point  is  the  most  important  character  to  be  determined,  but 
in  addition,  the  speciflc  gravity  and  freedom  from  water  and  solid 
matter  may  have  to  be  ascertained. 

Vaseline. — The  tests  which  are  occasionally  applied  to  this  product 
are  chemical  rather  than  physical. 

Crude  Shale  Oil. — In  the  testing  of  crude  shale  oil,  it  is  often 
sufficient  to  make  a  fractional  distillation  of  a  portion,  and  determine 
the  densities  of  each  fraction  of  5  per  cent,  and  the  setting  point  of  the 
less  volatile. 

Ozokerite. — The  commercial  analysis  of  crude  ozokerite  has  for  its 
object  the  determination  of  the  percentage  of  refined  ozokerite  which 
the  sample  is  capable  of  yielding. 

Asphalt. — The  examination  of  asphalt  is  usually  confined  to  the 
determination  of  its  physical  characters  at  different  temperatures,  and 
its  solubility  in  carbon  bisulphide  or  other  solvent. 

The  various  tests  to  which  reference  has  been  made  in  these  intro- 
ductory remarks,  and  other  chemical  tests,  will  be  found  fully  described 
in  the  following  pages. 

CBUDE    FETBOLEUM. 

Ordinary  crude  petroleum  is  required,  in  the  United  States,  to 
conform  to  the  following  rule  of  the  New  York  Produce  Exchange, 
except  as  regards  density,  the  rule   having  been  relaxed  in  that 
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particular  in  consequence  of  much  of  the  crude  petroleum  noW 
obtained  having  a  greater  density  than*  43"*  B. : — 

'*  Crude  petroleum  shall  be  understood  to  be  pure  natural  oil^ 
neither  steamed  nor  treated,  free  from  water,  sediment,  or  anj 
adulteration,  of  the  gravity  of  43"  to  48"  B."  (0-809  to  0-786  sp.  gr.). 

In  order  to  determine  whether  the  petroleum  is  a  '*pure  natural 
oil,"  a  sample  is  subjected  to  fractional  distillation,  each  fraction  being 
one-tenth  of  tho  crude  oil  by  volume,  and  the  density  of  the  several 
distillates  is  determined.  The  following  results,  obtained  in  the  ex- 
amination of  two  typical  samples,  indicate  the  form  of  the  certificate 
handed  to  the  buyer : — 


oil  from  Parker  DUtrlct.    Gravity  46*  Baum^. 


let  Product, 

.   7irB. 

6th  Product,     . 

.     46°  B. 

2nd        „ 

.    62°  B. 

7  th 

.     42°  B. 

3rd        „ 

.     57**  B. 

8th        ,, 

.    41°  B. 

4th        „ 

.    63°  B. 

9th 

.    42°R 

5th 

.     49°  B. 

Oil  from  Parker  District.    Gravity  46*  Bamn^. 


Oil  from  Bradford  District  Gravity  43*  Bamn^.  OU  fkt>m  Bradford  District  Gravity  43*  Baum^. 

Ist  Product,      .        .     71°  B.  6th  Product,     .        .    41°  B. 

2nd       „            .        .    60°B.  7th        „  .        .    40°  B. 

3rd        „            .        .     54°  B.  8th        „  .        .    41°  B. 

4th        „            .         .     49°  B.  9th        „  .        .     42°  B. 
5th        ,,           •        .     45°  B. 

The  regular  gradation  in  the  densities  of  the  fractions  exhibited  in 
the  foregoing  certificates,  is  taken  to  be  a  satisfactory  indication  that 
the  oil  is  a  natural  product. 

The  natural  lubricating  oils  (crude  petroleums)  of  Pennsylvania, 
Ohio,  "West  Virginia,  and  Kentucky,  are  classified  by  the  West  Virginia 
Transportation  Company  according  to  density,  and  are  subject^  to 
the  following  test : — 

"  In  receiving  and  making  delivery  of  oils  shipped  by  the  company, 
the  water  and  sediment  contained  therein  shall  be  determined  by 
mixing  an  average  sample  with  an  equal  quantity  of  benzine,  and 
subjecting  the  mixture  to  120**  F.  in  a  graduated  glass  vessel  for  not 
less  than  six  hours,  after  which  the  mixture  cools  and  settles  not  less 
than  two  hours  for  light  grades,  three  hours  for  A  grade,  four  hours 
for  B  grade,  six  hours  for  0  grade,  eight  hours  for  D  grade,  and 
eighteen  hours  for  heavier  grades." 

The  author  finds  that  in  the  case  of  the  more  viscous  oils,  a  larger 
proportion  of  benzine,  which  should  always  be  previously  saturated 
with  water,  may  be  used  with  advantage. 

The  grades  are  as  follows  : — 

A.  37 '1°  Baum6  (aboat  0*840  sp.  gr.)  and  lighter. 

B.  33°  to  37°  B.  (0-860  to  0*840  sp.  gr.). 

C.  31*6°  to  32-9°  B.  (0*868  to  0*860  sp.  gr.). 

D.  30*6°  to  31*5°  B.  (0*873  to  0*868  sp.  gr.). 

E.  29-6°  to  30*5°  B.  (0*878  to  0*873  sp.  gr.). 

F.  28*6°  to  29*5°  B.  (0*884  to  0*878  sp.  gr.). 

G.  28*5°  B.  (0*884  sp.  gr.)  and  heavier. 

Determination  of  the  Specific  Gravity  of  Crude  Fetroletim  and 
Fetroleiini  Products. — The  specific  gravity  is  usually  determined  in 
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tke  trade  by  means  of  the  hydrometer^  but  the  use  of  a  specific  grcmiy 
battle  is,  in  the  opinion  of  the  author,  distinctly  preferable.  In  the 
case  of  oils  imported  in  bulk,  where  the  weight  delivered  is  calculated 
from  the  volume  at  the  observed  temperature,  it  is  essential  that  the 
specific  gravity  should  be  accurately  determined,  and  for  this  purpose 
the  bottle  should  always  be  employed.  The  Weetphal  balance  has  been 
recommended  as  a  desirable  substitute  for  the  hydrometer,  but  the 
author  is  unable  to  endorse  this.  In  taking  the  densities  of  viscous 
oils,  he  has  found  that  remarkably  exact  and  trustworthy  results  may 
be  obtained  with  a  Sprengel  tube,  Allen^  recommends  the  following 
method  for  the  thicker  and  semi-solid  oils.  Fill  a  specific  gravity  bottle 
to  the  brim  with  the  warm  oil,  and  when  it  has  cooled  to  a  temperature 
of  60"  F.  insert  the  stopper  by  working  it  to  and  fro  until  it  is  forced 
home,  the  excess  of  oil  gradually  escaping  through  the  perforation  in 
the  stopper,  then  wipe  the  bottle,  and  weigh  it.  It  is  frequently 
convenient  to  determine  the  density  of  viscous  or  semi-solid  crude 
petroleum  or  lubncating  oils  at  comparatively  high  temperatures  and 
deduce  the  specific  gravity  at  the  standard  temperature  from  the  result 
thus  obtained,  on  the  basis  of  the  known  coeflScient  of  expansion  of 
the  particular  class  of  oil  under  examination.  Full  particulars  of  the 
coefficients  of  expansion  of  various  oils  are  given  in  the  section  re- 
lating to  the  physical  and  chemical  properties  of  petroleum. 

TABLE  LIX. — Baum^  amd  Specific  Gravity  Equivalents. 


Banm^. 

Sp.gr. 

Baum^. 

Sp.gr. 

Baumd. 

Sp.gr. 

10,  .  .  , 

.  10000 

37,  .  .  . 

.  0-8395 

,  64,  .  .  . 

.  0-7243 

11,  .  .  . 

.  0-9930 

38,  .  .  . 

.  0-8346 

i  65,  .  .  . 

.  .  0-7205 

12,  .  .  . 

.  0-9861 

39,  .  .  . 

.  0-8299 

66,  .  .  . 

.  0-7168 

13,  .  .  . 

.  0-9791 

40,  .  .  . 

.  0-8251 

67,  .  .  . 

.  0-7133 

14.  .  .  . 

.  0-9722 

41,  .  .  . 

.  .  0-8204 

68,  .  .  . 

.  0-7097 

16,  .  .  . 

.  0-9658 

42,  .  .  . 

.  0-8157 

69,  .  .  . 

.  0-7061 

16,  .  .  . 

.  0-9594 

43,  .  .  . 

.  0-8110 

70,  .  .  . 

.  0-7025 

17,  .  .  . 

.  0  9530 

44,  .  .  . 

.  0-8063 

71,  .  .  . 

.  0-6990 

18,  .  .  . 

.  0-9466 

45,  .  .  . 

.  .  0-8017 

72,  .  .  . 

.  .  0-6956 

19,  .  .  . 

.  0-9402 

46,  .  .  . 

.  0-7971 

73,  .  .  . 

.  0-6923 

20,  .  .  . 

.  0-9339 

47,  .  .  . 

.  0-7927 

74,  .  .  . 

.  .  0-6889 

21,  .  .  . 

.  0-9280 

48,  .  . 

.  .  0-7883 

75,  .  .  . 

.  0-6856 

22,  .  .  . 

.  .  0-9222 

49,  .  .  . 

.  0-7838 

76,  .  .  . 

.  .  0-6823 

23,  .  .  . 

.  0-9163 

50,  .  .  . 

.  0-7794 

77,  .  .  . 

.  .  0-6789 

24,  .  .  . 

.  09105 

51,  .  .  . 

.  .  0-7762 

78,  .  . 

.  .  0-6766 

26,  .  .  . 

.  .  0-9047 

52,  .  .  . 

.  .  0-7711 

79,  .  . 

.  .  0-6722 

26,  .  .  . 

.  .  0-8989 

63,  .  . 

.  .  0-7670 

80,  .  .  . 

.  .  0-6689 

27,  .  . 

.  .  0-8930 

54,  .  .  . 

.  0-7628 

81,  .  . 

.  .  0-6656 

28,  .  .  , 

.  .  0-8872 

55,  .  . 

.  .  0-7587 

82,  .  . 

.  .  0-6619 

29,  .  .  . 

.  .  0-8814 

56,  .  . 

.  .  0-7546 

83,  .  . 

.  .  0-6583 

30,  .  .  . 

.  .  0  8755 

57,  .  . 

.  .  0-7508 

84,  .  . 

.  .  0-6547 

31,  .  . 

.  .  0-8702 

58,  .  .  . 

.  .  0-7470 

85,  .  . 

.  .  06511 

32,  .  .  . 

.  .  0-8660 

59,  .  . 

.  .  0-7432 

86,  .  .  . 

.  .  0-6481 

33,  .  . 

.  .  0-8597 

60.  .  .  . 

.  .  0-7394 

87,  .  . 

.  .  0-6451 

o4,  • 

.  .  0-8544 

61,  .  . 

.  .  0-7367 

88,  .  . 

.  .  0-6422 

36,  .  . 

.  .  0-8492 

62,  .  . 

.  .  0-7319 

89,  .  . 

.  .  0-6392 

36,  .  . 

.  .  0-8443 

,  63,  .  . 

.  .  0-7281 

90,  .  .. 

1 

.  .  0-63Q3 

^  Commerwd  Organic  Analysis,  2nd  ed.,  iL 
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In  the  United  States,  the  density,  in  relation  to  quality,  is  usually 
taken  with  a  hydrometer  graduated  in  degrees  Baum€,  and  the  preced- 
ing table  giving  the  corresponding  specific  gravities  is  in  use. 

In  ascertaining  the  density  for  the  purpose  of  calculating  the 
weiffht  from  the  number  of  gallons  of  oil  transfeiTed  from  a  tank,  a 
barometer  directly  indicatLg  specific  gravity  is  employed  in  4e 
United  States.  The  scale  of  the  instrument  is  an  open  one  (*800  to 
•805  =  1^  in.),  and  each  division  represents  *0005.  Tables  have  been 
prepared  for  the  conversion  of  gauge  into  weight,  based  on  the  weight 
of  an  American  gallon  of  distilled  water  at  COT  F.,  which,  in  consulta- 
tion with  the  author,  was  for  this  purpose  taken  as  8*331  lbs. 
avoirdupois. 

The  Fractional  Distillation  Test  for  Crude  Fetroletim. — The 
test  prescribed  by  the  New  York  Produce  Exchange,  to  which 
reference  has  been  made,  may  be  readily  carried  out  with  a  small 
still  and  condenser,  or  with  any  other  simple  form  of  distUling 
apparatus.  On  the  other  hand,  the  determination  in  the  laboratory 
of  the  proportions  of  the  various  commercial  products  which  a  hitherto 
unknown  description  of  crude  petroleum  may  be  expected  to  yield  in 
practice,  is  an  operation  not  free  from  difficulty,  and  demanding  some 
experience  for  its  successful  performance,  especially  if  the  quantity 
available  for  examination  is  small,  as  is  often  the  case.  The  author 
is  accustomed  to  conduct  the  process  in  a  glass  retort,  or  an  ordinary 
distillation  flask,  embedded  in  sand,  heat  being  applied  by  means  of 
Bunsen  burners  of  various  sizes,  and  the  temperatures  above  the 
range  of  the  mercurial  thermometer  being  taken  with  a  Baly  & 
Ohorley  potassium -sodium  thermometer.  The  distillate  is  collected 
in  fractions  of  one-tenth  or  less,  the  density  of  each  fraction,  and  the 
behaviour  of  the  less  volatile  of  them  on  exposure  to  a  low  tempera- 
ture, are  noted,  and  these  results,  together  with  the  temperatures 
within  which  the  fractions  distilled,  are  compared  with  data  obtained, 
under  identical  conditions,  with  typical  samples  of  crude  petroleum 
of  known  commercial  character.  Some  judgment  is  required  in  the 
interpretation  of  the  results,,  because  in  practice,  on  the  one  hand, 
the  process  of  "cracking,"  especially  as  conducted  in  the  United 
States,  results  in  the  conversion  into  kerosene  of  much  of  the  inter- 
mediate oil  obtained  in  the  ordinary  laboratory  process  of  distillation ; 
and,  on  the  other  hand,  owing  to  the  use  of  superheated  steam,  there 
is  £ar  less  dissociation  in  the  distillation  of  the  lubricating  oil  fractions. 
With  a  view  of  preventing  this  dissociation,  the  author  has  in  some 
cases  found  it  advantageous  to  effect  the  fractionation  of  the  hydro- 
carbons of  higher  boiling  point  in  a  vacuum. 

The  Dephlegmator. — Except  in  the  fractional  distillation  of  the 
most  volatile  hydrocarbons,  the  author  prefers  to  work  without  a 
dephlegmator.  This  appliance  is,  however,  largely  used.  It  is  made 
in  various  forms,  but  the  principle  is  substantially  the  same  in  all. 
It  is  well  known  that  when  a  mixture  of  two  liquids  of  different 
boiling  points  is  distilled,  the  distillate  at  any  stage  of  the  process 
will  be  found  to  contain  both  liquids,  the  more  volatile  predominating 
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in  the  earlier  eta^a  and  the  less  volatile  in  the  later  stages,  bnl 
no  complete  separation  being  thus  effected.  The  Amotion  of  the 
dephlegroator  is  partly  that  of  a  fractional  condenser,  and  partly  that 
of  a  "scrubber,"  the  less  volatile  liquid  being  condensed  and  returned 
to  the  distilling  vessel,  and  the  apparatus  being  so  constructed  that 
the  vapour  is  exposed  to  a  portion  of  this  condensed  liquid,  with  the 
resolt  that  the  more  readily  condensable  constituents  are  washed  out 
of  it.  In  this  way  a  better  separation  can  be  effected  than  is  possible 
in  the  use  of  an  ordinary  distillation  flask,  but  the  employment  of  a 
dephlegmator  in  the  fractionation  of  hydrocarbons  of  comparatively 
high  boiling  point  is  attended  with  difficulty,  and,  according  to  the 
author's  experience,  appears  often  to  interfere  with  the  attainment  of 
concordant  results. 

Litmemann'g  dephlegmator  {Fig.  189)  is  fitted  with  several  baskets  of 
platinum  gauze,  of  the  form  shown  in  Fig.  ISO,  a  larger  number  being 
used  for  liquids  boiling  beloiv 
150°  C,  than  for  those  boiling 
at  higher  temperatures.  Le 
Bel's  arrangement  (Fig.  I'Jl) 
is  similar.  The  more  readily 
condensable  portion  of  the 
vapour  is  condensed,  and  the 
liquid  collects  in  the  gauze 
baskets  more  rapidly  than  it 
4^^  W        \W    ^i(St\         can  run  through  into  the  flask 

v3iV  M.  )m      a  ?W  to  which  the  apparatus  is  fitted; 

ML  a  U  *WA  the  vapour  passing  through 
the  dephlegmator  is  th  us 
brought  into  contact  with  the 
condensed  liquid,  and  only  the 
most  volatile  constituents  pass 
into  the  condenser.  The  de- 
phlegmator is  surrounded  by 
a  jacket  to  prevent  too  rapid 
cooling,  when  the  fractions  of 
higher  boiling  point  are  being  distilled.  As  the  accumulation  of 
liquid  in  the  gauze  baskets  necessitates  the  periodical  removal  of 
the  source  of  heat,  ao  that  the  liquid  may  return  to  the  distillation 
flask,  the  apparatus  of  Henninger  (Fig.  193)  is  preferable.  It  has 
the  gauze  baskets  at  the  constrictions  of  two  or  more  bulbs  blown 
in  it,  hut  has  also  side  tubes  which  convey  the  liquid,  as  it 
accumulates,  from  bulb  to  bulb  downwards,  and  finally  into  the  flask. 
In  Glyntky's  dephlegmator,  hollow  glass  balls  are  sulutituted  for  the 
wire-gauze  baskets. 

FroffiBflor  Engler'a  BTStem  of  DlstiUation. — For  the  fractional 
diBtillation  of  petroleum,  Engler  employs  a  globular  fiask  (Fig.  193) 
61  cm.  in  diameter,  with  a  cylindrical  neck  1'6  cm.  in  internal 
diameter  and  15  cm.  in  length,  from  the  side  of  which  a  vapour  tube 
10  cm.  in  length  extends  at  an  angle  of  75°  downwards,  to  the  con- 
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denser.  The  janction  of  the  vapour  tube  with  the  neck  of  the  flask 
should  be  9  cm.  above  the  surface  of  the  oil  when  the  flask  contains 
its  charge  of  100  c.c  of  oil.  The  observance  of  the  prescribed 
dimensions  is  considered  essential  to  the  attainment  of  uniformity 
of  results.  A  thermometer  is 
fixed  in  the  cork  inserted  in 
the  mouth  of  the  flask  so  that 
the  top  of  the  bulb  is  on  & 
level  with  the  vapour  tube. 
100  c.c.  of  the  oil  ia  intro. 
duced  into  the  flask  b;  the 
aid  of  a  pipette,  and  heat  is 
applied  by  means  of  a  Bunsen 
burner.  At  first,  wire  gauze 
ia  interposed  between  the 
burner  and  the  flask,  but 
afterwards  the  naked  flame 
is  employed,  the  heat  being 
so  regulated  thnt  from  2  to 
'2^  c.c.  of  distillate  passes 
over  per  minute.  In  this 
way,  fractions  difiering  from 
each  other  in  boiling  point 
by  50°,  26°,  or  20°  C.  can  be 
obtained.  As  soon  as  the 
requisite  temperature  (150°  C. 
for  the  first  fraction)  is  at- 
tuned, the  lamp  is  wiuidrawn 
until  the  temperature  has 
fallen  at  leafit  20°,  when  the 
oil  is  re-heated  to  the  boiling 
point  and  again  cooled,  this 
process  being  repeated  until  no  more  distillate  is  obtained.  The  oil 
is  then  heated  \ip  to  the  next  boiling  point,  and  the  cooling  and 
re-heating  process  repeated,  and  so  on  with  the  other  fractions. 
These  precautions  must  be  observed  in  order  to  produce  reliable 
results,  which  (it  is  claimed)  can  be  obtained  with  not  more  than  a 
variation  of  1  per  cent,  by  this  method,  even  in  the  hands  of  different 
experimenters. 

In  a  recent  personal  communication  addressed  to  the  author  with 
reference  to  this  process.  Dr.  Engler  says  : — 

"  We  eadniBte  the  proportion  of  baming  oil  from  the  amoant  of  the  fractions  be- 
tween 150°  and  300°C-in  tbecoaeof  oilaconsiBtuigof  bydrocubonaof  the  methane 
«erieB(CnHb  +  i),  such  aa  those  from  PemiiylvaDLa,  Galicia,  Alsace,  Ac,  or  from 
the  proportion  of  the  frsctioiui  between  150'  and  285°  where  the  hydrocarbonB 
belong  to  the  naphthene  series,  as  is  the  cose  with  the  Bakn,  Java,  and  (partially^ 
the  BnnDQse  oils.  As  in  practice,  some  of  the  froctionB  below  and  exceeding  tbo 
foregoing  limits  are  inclQded  as  burning  oil,  the  proportion  obtained  on  a  mann- 
tacturing  scale  ia  greater  than  that  yielded  by  a  test  sample,  but  these  limits  aivs 
the  nearest  indication  of  the  proportion  of  bnining  oil.     A  onivennl  standard 
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oumot,  hmrever,  be  MUtbU»h«d,  beaaoM  in  tome  oils,  mnd  ootably  thon  baa.' 
Baku,  the  frsction  between  286°  Mid  300°  ii  so  hekvy  m  to  prejadicikllj  >Saot 
its  capillary  properties  with  regard  to  tbe  lamp  wick.  On  the  other  hand,  the 
same  frictioD  in  the  American  oita  can  be  used  for  burning  without  terionslf 
affecting  the  burning  qnality.     We  find  inferior  American  oili  contain  aa  much  aa 

" "-.  by  volume  of  fractione  boilinjE  below  150°,  and  25  per  cent.  (Tolmiw) 

ir  300°,  BO  theae  should  be  considered  ae  the  extreme  hmiti. 
fit  is  only  a  question  of  determining  the  amount  of  ipirit,  burning  oil,  &0., 
identical  apparal-UB  and  method  of  worbing  are,  in  my  opinion,  of  greater  import- 
ance than  the  complete  separation  of  tbe  single  fractions.  My  apparatus,  now 
very  generally  used  in  Germany,  was  designed  with  this  object,  and  I  discarded  a 
dopb^gmator  as  giving  leu  regular  resultii  than  a  simple  inatram«nt,  in  the  hanjda 
ni  different  experimenters.  By  carefully  following  the  directions,  the  margin  ot 
error  is  only  about  i  to  }  per  cent.  At  present  we  fractionate  in  stages  of  2S°; 
for  initance.  tbe  benzine  fraction  boiling  at.  sny,  H6°,  would  be  included  in  the 
fraction  boiling  at  100°,  and  the  subsequent  fractions  ore  taken  at  erery  26' 
(100°  to  125°,  125°  to  150°,  150°  to  175°,  .  .  .  275°  to  300°).  By  adding  together 
the  fractions  np  to  150°,  the  quantity  of  light  spirit  is  ascertained)  the  burning 
■oil.  comprising  those  between  150°  and  300^  and  so  on.  The  former  practice  of 
taking  fractions  at  every  20°  is  discontinued.  However,  in  estimating  the  actual 
component  parts  of  an  oil,  smaller  fractions  are  necessary.  In  the  burning  oil, 
the  greater  the  proportion  of  the  first  fraction  ahove  150°  the  better,  the  converM 
being  true  in  the  case  of  the  fraction  above  250°." 

Begnault'B  Distilling  Apparatus. — In  France,  the  Regnault  in- 
strument is  employed  in  fractional  dia- 
tilUtion.  It  consists  of  a  copper  retort, 
A  (Fig.  194),  liaving  a  bent  side  tube,  b, 
[lasstng  into  a  metallic  condenser,  £, 
Thicb  terminates,  both  above  and  below, 
in  narrow  tubes,  g  and  i.  The  con- 
denser is  fitted  into  a  cylinder,  /,  con- 
taining water,  which  is  supplied  through 
a  pi|>e,  o,  n,  and  discharged  at  p.  The 
whole  is  supported  by  a  tripod,  P, 
having  a  ledge,  A,  I,  upon  which  ie  . 
placed  a  box,  V,  containing  graduated 
gla!-sea  for  receiving  the  distillates,  five 
in  number,  and  graduated  in  cubic  centi- 
metres. Each  of  the  glasses,  1,  2,  3,  4,  5, 
can  be  brought  under  tbe  outflow  tube, 
i,  of  tbe  condenser.  100  cubic  centi- 
metres of  tbe  oil  is  introduced  into  the 
distilling  vessel  (which  should  not  be 
more  than  one-third  full)  through  the 
neck,  a.  Through  the  cork  closing  the 
neck,  is  passed  a  thermometer,  7',  the 
bulb  of  which  should  not  dip  into  the 
liquid,  but  should  he  just  below  the 
tube  leading  to  the  condenser,  Heat 
is  applied  by  means  of  a  gas  or  spirit 
lamp,  S.  The  oils  contained  in  the 
crude  petroleum  may  be  fractionised  into 
thoae — 
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Distilling  below      150*  C. 

„         between  150"  and  180°  C. 

180*  and  210*  C. 

„        210"  and  240"  C. 

240°  and  270*  C. 

The  receiving  glass  No.  1  is  used  to  collect  the  first  portion  of  distillate. 
No.  2  being  substituted  when  the  temperature  rises  above  150°,  No.  3 
when  180°  is  passed,  and  so  on,  No.  5  receiving  the  final  fraction,  ob- 
tained between  240"  and  270*  C.  The  volume  of  distillate  iu  each 
glass  is  taken  as  representing  the  weight  of  the  fraction  in  the  original 
oiL  This,  though  not  exact,  owing  to  the  variation  in  the  relation 
between  specific  gravity  and  volume  in  different  fractions,  is  considered 
to  be  sufficiently  correct  for  technical  purposes. 

Other  Forms  of  Distilling  Apparatus. — Professor  Peckham* 
recommends  the  use  of  an  alembic  in  preference  to  a  glass  retort  for 
the  fractional  distillation  of  crude  petroleum  in  the  laboratory,  as  the 
cracking  of  the  oil  is  largely  prevented.  An  apparatus  devised  for  the 
purpose  by  Dr.  Letheby,  is  described  in  the  Jotir^iwl  of  Gas  Lighting^ 
xiL,  653 ;  another  form,  proposed  by  Dr.  Attfield,  in  the  Chemical 
NevoSy  xiv.,  98 ;  and  a  third,  invented  by  Peckham  for  the  technical 
analysis  of  petroleums  or  solid  bitumens  by  distillation,  either  with 
or  without  pressure,  in  the  Am.erican  Journal  of  Science  and  Arts^ 
xliv.,  230,  and  in  the  Chemical  News,  xvi.,  199. 

Determination  of  the  Calorific  Value  of  Crude  Petroleum  or 
Petroleum  Besiduum. — The  elementary  composition  of  crude  petro- 
leum (which  is  determined  similarly  to  that  of  other  organic  bodies) 
does  not  necessarily  indicate  with  precision  the  thermal  efficiency  of 
the  oil,  for  the  beat  of  combustion  is  dependant  upon  the  state  of  com- 
bination of  the  elements  in  the  sample,  and  this  may  vary  without 
affecting  the  percentage  composition ;  in  the  case  of  crude  petroleum  or 
petroleum  residuum  intended  for  use  as  liquid  fuel,  a  direct  calorimetric 
test  is  therefore  desirable.  At  the  request  of  the  author,  Mr.  William 
Macnab  has  made  experiments  with  typical  samples  of  crude  petroleum 
which  have  satisfied  him  that  the  instrument  known  as  the  calorimetric 
bomb  is  well  suited  for  use  in  the  determination  of  the  thermal  efficiency 
of  petroleum.  The  process  consists  in  burning  the  sample  in  a  closed 
bomb  in  presence  of  excess  of  oxygen,  the  bomb  being  immersed  in 
a  calorimeter  which  is  properly  protected  from  loss  or  gain  of  heat  by 
a  suitable  envelope.  The  water  in  the  calorimeter  is  continually 
stirred  during  the  progress  of  the  experiment,  and  readings  are  taken 
with  a  cathetometer  on  delicate  thermometers  which  indicate  to  ^j^*  C. 
Of  course  the  value  in  water  of  the  whole  system  is  accurately  known, 
and  as  all  the  products  of  combustion  are  retained  in  the  bomb  during 
the  experiment,  all  the  heat  generated  must  be  communicated  to  the 
water.  Owing  to  the  protection  afforded  to  the  calorimeter,  and  the 
means  of  reading,  with  precision,  minute  differences  of  temperature, 
extremely  accurate  and  concordant  measurements  can  be  made.  The 
necessary  oxygen  is  introduced,  under  a  pressure  of  about  25  atmo- 

^  Census  Report  on  PetroUwn. 
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spheres,  into  the  bomb  containing  the  oil,  and  the  combustion  started 
by  means  of  a  platinum  wire  heated  to  redness  by  electricity.  The 
bomb  calorimeter  has  recently  been  successfully  employed  by  Slosson 
and  Colburn^  in  the  determination  of  the  thermal  value  of  petroleum. 
Mahler's  form  of  bomb,  which  has  a  thin  internal  coating  of  enamel, 
was  used. 


PETBOLETJM    SPIRIT    AND    SHALE    SPIRIT. 

The  rules  of  the  New  York  Produce  Exchange  relating  to  United 
States  petroleum  spirit  provide  that — "  Naphtha  shall  be  water  white, 
and  sweet,  and  of  gravity  of  from  68*  to  73**  B." 

It  is  important  that  petroleum  spirit  or  shale  spirit  intended  for 
use  in  the  carburetting  of  air  or  gas,  should  be  fairly  homogeneous  in 
composition,  and  especially  that  it  should  not  contain  an  undue  pro- 
portion of  hydrocarbons  of  comparatively  high  boiling  point.  It  is, 
therefore,  frequently  necessary  to  subject  samples  of  gasoline  to  the 
test  of  fractional  distillation,  and  to  determine  the  range  of  boiling 
points,  in  addition  to  ascertaining  the  density  of  the  spirit.  In  taking 
the  boiling  points,  the  author  is  accustomed  to  employ  an  ordinary 
distillation  flask,  with  the  bulb  of  the  thermometer  a  short  distance 
above  the  surface  of  the  liquid. 

Fractional  Distillation  Test  for  Petroleum  Spirit — Kissling's 
Distilling  Apparatus. — The  following  method  of  fractionating  petro- 
leum spirit  is  adopted  in  the  laboratory  of  Dr.  Richard  Kissling  2  : — 
A  distilling  flask  (the  Engler  flask  already  described)  is  charged  with 
100  c.c.  of  the  benzine  to  be  tested,  and  connected  with  a  Liebig's 
condenser  60  cm.  in  length,  which  discharges  into  a  measuring  glass 
graduated  to  ^  cc.  The  flask  is  supported  by  wire  gauze  such  as 
is  used  in  the  filter  presses  of  sugar  refineries.  At  the  beginning 
of  the  operation,  it  is  advisable  to  let  the  bent  end  of  the  adapter  dip 
as  far  into  the  glass  as  possible,  to  minimise  the  evaporation  of  the 
lightest  fractions.  The  rate  of  distillation  recommended  is  2  to  2^  c.c. 
per  minute.  At  first,  the  temperature  usually  rises  rapidly,  then 
more  slowly  until  it  reaches  a  point  where  it  remains  practically 
stationary.  This  is  the  "lower  boiling  limit"  of  the  benzine  under 
examination.  At  every  rise  of  10°  from  this  point  (beginning  with 
the  first  even  10®)  the  volume  of  distillate  is  read  off*.  Finally,  when 
the  bottom  of  the  flask  is  free  from  liquid,  a  Bunsen  flame  is  applied, 
and  the  temperature  registered  is  considered  as  the  "  upper  limit  '*  of 
boiling.  For  this  it  is  not  necessary  to  drive  off  the  last  high-boiling 
portions  (which  at  most  amount  to  0*1  to  0*2  per  cent.).  To  ascertain 
their  boiling  points,  the  thermometer  must  be  lowered  to  the  bottom 
of  the  neck  of  the  flask.  In  the  following  table,  Kissling  gives  the 
results  of  distillations  thus  conducted : — 

^  Special  Bulletin  of  the  University  of  Wyoming,  January,  1895. 
'  Chemiker  Ztitung,  xiv.,  1890,  508. 
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KEBOSEITE    AND    FABAFFIIT    OIL. 

The  following  are  the  rules  of  the  New  York  Produce  Exchange 
relating  to  kerosene : — "  Refined  petroleum  shall  be  standard  white  or 
better,  with  a  burning  test  of  110°  F.  or  upward,  and  of  a  specific 
gravity  not  below  44"  B.,  United  States  Dispensatory  Standard." 

"The  bumin<r  test  of  refined  petroleum  shall  be  determined  by  the 
use  of  the  Saybolt  Electric  Instrument,  and  Bhall  be  operated  in 
arriving  at  a  i-esult  as  follows; — In  110°  and  upwards,  the  flashing 
ixiints,  after  the  first  flash  (which  will  generally  occur  between  90 
and  95°),  shall  l>e  taken  at  9S°,  100°,  104°,  108°,  110°,  112°,  and  115°. 
In  120°  and  upwards,  after  first  flash,  at  100°,  105°,  110",  115°,  118", 
120°,  12'2*,  and  125°.  lo  130°  and  upwards,  every  five  degrees  until 
burning  point  is  reached." 

The  rules  of  the  Fetrolin,  (Canada)  Oil  Exchange  provide  that  refined 
kerosene  shall  be  of  the  odour  "  locally  known  as  inoffensive,"  and 
shall  "  absolutely  stand  the  test  of  oxide  of  lead  in  a  strong  solution  of 
caustic  soda  without  change  of  colour."  The  "  burning  )iercent^e  " 
in  the  case  of  "  extra  refined  oil,"  "water  white"  in  colour,  and  of 
specific  gravity  not  exceeding  0'800,  is  required  to  be  not  less  than  70; 
in  the  case  of  "  No.  1  refined  oil,"  "  prime  white "  in  colour,  not  less 
than  60 ;  and  in  the  case  of  "  No.  2  refined  oil,"  "  standard  white  "  in 
colour,  to  be  not  less  than  55.  The  "burning  percentage"  is  ascer- 
tained in  the  manner  described  on  pp.  542  to  544. 

The  following  are  the  recognised  tests  applied  to  Russian  kerosene 
in  the  principal  refineries  in  Baku  : — 1.  The  oil  must  be  clear  and 
bright,  and  in  case  it  has  become  opalescent  through  contact  with 
water,  it  must,  when  poured  into  an  open  glass,  become  bright  at  a 
moderate  temperature  (15°  C).  2.  The  odour  must  be  "pure,"  3.  The 
colour  should  not  be  below  2 J  (midway  between  "superfine  white" 
and  "  prime  white)."  4.  The  flashing  ]x>int,  Abel-Pensky  test,  must 
not  be  lower  than  28°  G.  5.  The  distillation  test  is  made  in  a  flask 
of  500  c.c.  capacity,  which  is  wrapped  round  six  or  eight  times  with 
flne  wire  gauze,  over  a  naked  gas  or  spirit  flame.     The  distillation  is 


S4^  TUnUG  OF  PETBOLEUM,  SIC 


mi  tach  a  rate  that  aboat  2  gimmes  is  distilled  per  minnte. 
Am  soon  as  the  liuit  of  the  spirit  is  reached  (150*  C.)  the  rate  of  dis- 
tillatioa  is  reduced  so  thst  onlj  one  half  of  a  gramme  comes  over  per 
Bimute,  and  the  temperatare  is  then  gradually  increased  so  that  2 
gramiDes  per  minute  is  distilled.  The  charge  placed  in  the  flask  is 
zdO  grammes.  All  products  distilling  below  IdO"*  C.  should  be  con- 
sidered spirit ;  from  i<K)*  to  270*,  normal  kerosene  (some  adopt  275* 
or  280*  as  the  limit^ ;  aod  above  270*,  heavj  oils.  A  good  kerosene 
may  contain,  acooraiDg  to  the  season  of  the  year,  from  9  to  14  per 
cent,  of  spirit,  of  specific  gravity  about  0*771  to  0*774  at  17^*  C. ;  fn>m 
67  to  88  per  cent,  of  normal  kerosene,  of  specific  gravity  about  0*824 
to  0  827  ;  and  from  9  to  13  per  cent,  of  heavy  oils,  of  specific  gravity 
about  0'8G3  to  0*865.  6.  Ash  test :  1,000  grammes  is  distUled  down 
in  a  retort  (wrapped  round  with  wire  gauze)  to  about  40  grammes. 
The  remainder  is  then  boiled  down  in  a  platinum  capsule,  and  the 
residue  strongly  heated  until  all  the  carbon  is  burnt.  There  should 
not  lie  more  than  10  milligrammes  of  ash.  7.  Soda  test,  for  ''  soaps.'' 
500  c,c.  of  the  oil  is  heated  in  a  flask  with  10  c.c.  of  caustic  soda  solu- 
tion (1014  speciflc  gravity)  to  70°  0.,  the  two  liquids  thoroughly 
shakim  together  for  three  minutes,  allowed  to  stand  for  some  time, 
and  the  oil  decantetl  off.  The  soda  solution  is  filtered,  and  distinctly 
acidulated  with  hydrochloric  acid.  The  solution  thus  obtained  should 
be  only  slightly  opalescent,  so  that  through  a  column  half  an  inch  in 
length,  the  finest  writing  can  be  distinctly  read.  The  following  is  a 
scale  adopted  in  some  cases: — No.  0,  quite  bright;  Ko.  1,  slightly 
opali*scent ;  No.  2,  opalescent,  so  that  fine  hand-writing  can  be  read  ; 
l9o.  3,  opalescent,  so  that  only  large  characters  are  readable;  No.  4, 
oiialesoont,  so  that  large  characters  are  only  visible;  No.  5,  milky. 
Further  information  relative  to  this  test  will  be  found  in  the  latter 
part  of  this  section.  8.  Photometric  test.  375  grammes  of  the  oil 
is  burnt,  during  nine  hours,  in  a  Kumberg  lamp  with  a  ten-line  flat 
burner.  The  illuminating'power  is  taken  at  the  expiration  of  the  first 
quarter  of  an  hour  (when  it  is  usually  from  10  to  11  candles),  and 
again  as  soon  as  80  millimetres  in  depth  of  the  oil  in  the  lamp  reservoir 
has  been  burnt.  Good  oil  should  not  lose  more  than  20  per  cent,  of 
its  illuminating  power,  the  diminution  with  the  best  oil  being  from 

3  to  0  por  cent.  9.  The  oil  should  be  absolutely  neutral.  The  test 
should  be  nmde  with  a  pale  but  very  sensitive  solution  of  litmus  in 
GO  pur  cent  spirit.  200  c.c.  of  the  oil  should  be  shaken  with  10 
c.a  of  the  litmus  solution.     10.  Sulphuric  acid  test  (usually  omitted). 

4  0.0,  of  the  oil  is  shaken  for  two  minutes  thoroughly  with  2  c.c  of 
Hulphurio  acid  of  1  *835  specific  gravity.  The  kerosene  should  not  turn 
rod-brown. 

The  Diatillation  Teat  fbr  Burning  Oil. — Dr.  Engler^  strongly 
reoom  mends  fractional  distillation  as  a  test  for  burning  oil,  in  con- 
junction with  the  determination  of  the  flashing  point  and  viscosity,  it 
being  important,  in  his  opinion,  to  know  not  only  the  proportion 
boiling  between  150*  and  300*  0.  (or  other  maximuu)  limit  fixed  with 
>  Fost*a  CliemM^ttckwMiif  Analfte,  2iid  ed.,  i.,  276-278. 
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<hie  TtgBird  to  the  character  of  the  oil)^  but  in  addition,  the  amonnti  of 
the  intermediate  fractions,  as  also  affecting  the  burning  quality  of  an 
oil.  The  precise  manner  in  which  Engler  applies  the  test  has  already 
been  described  in  connection  with  the  examination  of  crude  petroleum. 
With  reference  to  the  150°  to  300*  limits,  Beilstein^  considers  that  a 
good  oil  should  contain  not  more  than  5  per  cent,  of  hydrocarbooa 
having  boiling  points  below  these  limits,  nor  more  than  15  per  cent, 
having  boiling  points  above,  but  it  is  evident  that  this  rule  does  not 
admit  of  universal  application.  J.  Biel  ^  distils  250  grammes  of  the 
sample  in  a  500  c.c.  flask,  wrapped  tightly  with  brass  gauze  or  glass 
wool  to  protect  it  from  too  rapid  changes  of  temperature.  The  flask 
is  fitted  with  a  Glynsky's  dephlegmator,  in  which  a  thermometer  ia 
inserted  so  that  the  bulb  is  on  a  level  with  the  exit  tube.  At  first  a 
small  flame  is  applied  to  drive  off  the  lighter  products,  and  this  gentle 
heat  is  maintained  as  long  as  any  notable  quantity  (more  than  10 
drops  per  minute)  distils  at  150*  C.  The  flame  is  then  enlarged,  and 
a  product  obtained  distilling  between  150"*  and  270**,  this  being  the 
"  normal "  kerosene.  In  this  manner,  the  following  results  were 
obtained  with  typical  samples  of  Russian  kerosene  and  solar  oil  or 
pyronaphtha : — 


Specific  gravity. 
Flashing  point, 

Below  150*' C.,. 
150**  to  270^*0., 
Residue, .     .     . 


A. 

Kerosene. 
B. 

C. 

Pyronaphtha. 

D. 

E. 

0*820 

52  5'*  C. 

Per  cent. 

0*8 

92*0 

7*2 

0  820 

35*0"  C. 

Per  cent. 

100 

76  5 

13  5 

0*835 

44  6"  C. 

Per  cent. 

6*0 

63*5 

30*5 

0*857 

75  0°  C. 

Per  cent. 

0  0 

44*5 

55-5 

0*867 
94*0'' C. 

Percent.  ' 
0*0 
30-5 
69-5 

Working  with  a  glass  retort,  with  the  bulb  of  the  thermometer 
immersed  in  the  oil,  Biel  obtained  the  following  results  : — 


American. 


Russian. 


No.  1. 


No.  2. 


No.l. 


No.  2. 


Specific  gravity, 
Flashiog  point, 

Below  150"  C. 
150'' to  270"  C, 
Residue,      .     . 


•       • 

0-796 

0*783 

o*sa3 

•          • 

26"  C. 

48*»C. 

26'' C. 

Per  cent. 

Per  cent. 

Per  cent. 

•         . 

14*4 

2-2 

33*5 

•         « 

45*9 

87-8 

66*5 

•         • 

39*7 

10*0 

•  •■ 

0  822 

30"  C. 

Per  cent. 

12-8 

78*3 

8*4 


The  following  results  were  obtained  by  the  author  in  the  fractional 
distillation  of  typical  samples  of  American  and  Russian  kerosene.     A. 

I  Zeitaehrift  /.  Anal.  Chemie^  xxii.,  313* 
^  J)ingler*8 polyUch,  Journ.^  colli.,  119. 
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measured  quantity  was  distilled,  and  the  density  of  each  fracUon  oi 
10  per  cent,  bj  volume  was  determined : — 


Nomherol 

Antriean. 

RUMlui. 

rnctkHU. 

Bp.(r,0««. 

Up.  sr.  o-sa. 

1 

0-748 

0783 

2 

0-7M 

0-798 

3 

0-778 

0-803 

4 

0-782 

»'8I4 

5 

0-S02 

0827 

6 

0-812 

0-8-11 

7 

0-832 

0-8.17 

S 

0-831 

0  838 

9 

0-838 

0-848 

RMidue 

0-819 

0864 

Dr.  Thomer^  employs  a  distillation  flask  made  of  copper.  The 
lask  is  about  200  c.c.  capacity,  has  a  neck  12  cm.  long  and  1-8  cm. 
wide,  and  an  exit  tube,  serving  as  a  condenser, 
45  cm.  long  and  U'7  cm.  wide.  This  tube  is  bent 
downwards  at  the  end,  and  introduced  into  the 
measuring  cylinder,  which  holds  100  ac.  up  to  two- 
thtrda  of  its  height,  and  ia  divided  into  0--'i  c.c.  The 
cylinder  is  placed  in  a  cooling  vessel.  The  flask  is 
charged  with  100  c.c.  of  the  oil,  and  the  distillatioa 
occupies  from  25  to  30  minutes.  The  bulb  of  the 
thermometer  is  apparently  placed  halt'  way  between 
the  exit  tube  and  the  bottom  of  the  neck  of  the  flask. 
Burning  Quality  Test.— Although  the  distillation 
test  affords  an  indication  of  the  value  of  an  oil  for 
illuminating  purposes,  more  practical  results  are 
obtained  by  burning  the  oil  in  lamps  under  con- 
ditions as  close  as  possible  to  those  existing  in  ordin- 

In  moRt  of  the  United  States  refineries,  the  oil  is 
tested  by  burning  it  in  lamps  of  orilinary  construc- 
tion, and  noting  the  diminution  in  the  size  of  the 
flame  after  a  certain  time.  The  results  thus  obtained 
depend  uj>on  many  variable  conditions,  and  attempts 
have  been  made  lo  eliminate  some  of  the  sources  of 
variation. 

Saybolt's  Apparatus. — The  Saybolt  testing  lamp 

Pig.  105.  (F'g-   195)  consists  of  a  tall  graduated  glass  vessel 

with  a  burner  which  gives  a  flame  of  considerable 

height  in  comparison  with  its  width.     The  chimney  is  also  graduated 

BO  that  the  height  of  the  flame  may  be  measured.    A  carefully  selected 

wick  is  used,  and  the  lamp  is  burned  with  the  reservoir  in  a  vessel  of 

'Chtm.  ZeU.,  x.,  528-530,  553-554, 673-574,  G82-S83,  601-603 ;  /ount.  Soc.  C'Acm. 

Jwt,  V.  (1836),  371. 
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water'  at  60°  F.  The  depression  of  the  oil  level  aad  the  diminution 
in  the  heteht  of  the  flame  at  the  expiration  of  a  given  time  are  noted, 
and  the  "burning  quality  "  of  the  oil  is  judged  therefrom. 

Cana.di&n  Method. — In  Canada,  the  "burning  percentage"  is 
determiued  by  the  use  of  a  lamp  thus  described :  "  The  bowl  of  the 
lamp  is  cyiindricali  4  inches  in  diameter  and  2|  inches  deep,  with  a 
neck  placed  thereon  of  such  a  height  that  the  top  of  the  wick  tube  is 
3  inches  above  the  bowl.  A  sun  ninge  burner  is  used,  taking  a  wick 
j[  inch  wide  and  i  inch  thick,  and  a  chimney  about  8  inches  long." 
The  test  is  conducted  as  follows: — "Tbe  lamp  bowl  is  fiJled  with  l^e 
oil  and  weighed,  then  lighted  and  turned  up  full  flame,  just  below 
tbe  smoking  point,  and  burned  without  interference  till  12  ounces 
of  the  oil  is  consumed.  The  quantity  consumed  during  the  first  hour 
and  the  last  hour  is  noted."  The  ratio  of  the  two  quantities  is  the 
measure  of  the  burning  quality,  and  tbe  {lercentage  that  tbe  latter 
quantity  is  of  the  former,  is  the  "  burning  percentage  "  referred  to. 

Bedwood's  Apparatus, — In  the  laboratory  of  the  author,  the 
wicks  employed  in  ascertaining  the  burning  quality  of  oils  are  exam- 
ined by  means  of  the  apparatus  shown  in  ^g.  196,  and  any  defective 
portion  is  rejected.  The  test 
consists  in  arranging  a  given 
length  of  the  wick  so  as  to 
draw,  by  capillarity,  a  mineral 
oil  of  known  quality  from  a 
vessel,  at  a  fixed  temperature, 
the  value  of  the  wick  being 
ganged  by  tbe  amount  of  oil 
drawn  out  in  a  certain  time. 
Thewick  is  dried  immediately 
before  use,  and  immened  in 
the  oil  while  still  warm.  The 
oil  chambers  of  the  lamps  in 
which  the  tested  wicka  are 
subsequently  used,  must  be 
of  uniform  dimensions,  and 
the  burners  must  be  first 
tested  to  ascertain  that  they 
give  similar  flames  with  tbe 
same  oil.  The  wick  should 
be  very  carefully  trimmed, 
and  the  oil  in  the  lamp 
should  be  kept  at  a  constant  temperature,  preferably  at  60°  P.  The 
wick  should  be  raised  to  yield  the  largest  flame  obtainable  without 
smoke.  For  registering  variations  in  the  size  and  shape  of  the  flame 
during  the  test,  a  camera  ia  employed  by  the  author,  by  means  of 
which  the  outline  of  the  flame  may  be  traced  at  intervals  on  thin 
paper,  as  shown  in  Fig.  197.  So  general  agreement  has,  however, 
been  arrived  at  as  to  the  extent  of  diminution  allowable  in  the  flame 
from  an  oil  classed  as  of  satisfactory  burning  quality.     The  apparatus 

3C> 


Fig.  196. 
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already  dflacribed  (Pig.  196)  is  alio  employed  br  the  antbor  in  deteT> 
nuniog  tiie  relative  cspilUry  valnec  of  various  oils. 


Fig.  187. 


pitifnlTurtlng  Power. — The  following  table  gives  the  results  of 
comparative  photometric  testa  made  by  the  author  with  American 
keroiene  ana  RnMian  kerosene  (Nobel's  make),  in  ordinary  lamps 
with  Hinks's  duplex  burner'  and  with  two  kinds  of  wick,  one  loosely 
woTen,  and  the  other  comparatively  tightly  woven  : — 


Am«i™ 

k™.„e. 

B»-i„ 

k™™,. 

LosKlf-  I  Tight  It- 

-"■  1  -"- 

irick. 

wick. 

StuxUrd 

SUDdird 

24-25 

221 

19-14 

bo««. 

22 -at 

1916 

2306  '      22-14 

Fernnt. 

9  0 

1238         1213 

1137 

9S1-6 

OU  conanmed  per  oDdle-llght  per  boar,    . 

61-6         M-7 

536 

54-4 

The  Kuuian  oil  did  not  give  as  much  light  as  the  American,  but 
there  was  much  less  diminution  in  the  illuminating  power  as  the  level 
of  the  oil  in  the  reservoir  became  depressed. 

In  determining  the  illuminating  power  of  oils,  the  author  is 
accustomed  to  employ  a  Bunsen's  photometer,  but  the  aight-box  should 
be  adjustable  so  as  to  admit  of  the  measurement  of  the  light-giving 
power,  not  only  of  the  rays  proceeding  horizontally  from  the  lamp,  but 
of  those  projected  at  various  angles. 

DetermlnstlOQ  of  Colour. — For  determining  the  colour  of  petro- 
leum, an  operation  which  is  particularly  necessary  in  the  case  of 
kerotene,  it  was  formerly  the  practice  to  compare  the  sample  with  a 
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standard  oil  placed  beside  it  in  a  bottle  of  Eimilar  size-  This  method 
being  unsatislactorj-,  the  author  adopted  the  plan  of  placing  the' 
samples  in  long  glass  cylinders  held  in  a  frame  in  such  a  manner  that 
the  images  of  the  glass  bottoms  of  the  cylinders  could  be  seen  side  by 
side  in  a  mirror.  This  arrangement  was  found  more  s&tisfactory  in 
the  case  of  a  fluorescent  liquid  like  petroleum,  than  looking  down  on 
the  oils  while  the  cylinders  are  placed  on  a  white  surface,  but,  as  ih 
the  previous  one,  the  test  was  vitiated  by  the  liability  of  the  standard 
samples  to  change  colour. 

The  adoption  by  the  trade  of  precise  conditions  of  contract,  necessi- 
tated the  provision  of  a  more  exact  method  of  testing,  and  more  than 
twenty  years  ago,  the  Petroleum  Association  decided,  under  the  advice 
of  the  author,  to  employ  tlie  Wilson  chronionieter,  in  which  the  colour 
is  compared  with  a  series  of  glass  standards. 

Wilson's  Chromometer. — This  instrument  (Fig.  198)  consists  of 
two  similar  tubes,  16  inches  in  length,  closed  at  each  end  by  a  screw- 
cap  carrying  a  stout  glass 
disc.  Light  is  reflected  1 
wards  through  the  tubes  by 


pairs    of    prisi: 
fleeted,  and  thu 

an    eyepiece, 
tubes  is  filled  1 
be  tested. 


by  two 

)  brought  into 
One    of    the 

■ith  the  oil  to 
beneath   the 


other,  which  is  empty,  a  disc 
of  stained  glass  is  placed. 
On  looking  through  the  eye- 
jiiece,  the  field  is  seen  to  be 
divided  bya  sharp  line  formed 
at  the  juncture  of  the  two 
pairsofpriams,  the  twahalves  Fig.  198. 

of  the  field  being  tinted  re- 
spectively with  the  colour  of  the  oil  and  that  of  the  standard.     An 
accurate  comparison   can   thus  be  made.      The  five  glass  standards 
representing  the  various  grades  of  colour  recognised  commercially, 
are  prepared  by  Mr.  Eobert  Eedwood,  and  are  known  as — 

1.  W«ter  white. 

2.  Superfine  white, 

3.  Prime  white. 

4.  Standard  white. 

5.  Good  mercbBHtable. 

Although  this  apparatus  answers  well  for  ordinary  work,  it  does 
not  serve  to  absolutely  define  the  shade  of  colour  of  a  sample,  or  to 
indicate  the  extent  to  which  it  difi'ers  from  the  standard. 

Stammer's  Chromometer. — To  meet  this  want,  the  Stammer 
cbromonieter  was  introduced,  in  which  the  length  of  the  oil  column 
can  be  varied,  so  that,  by  starting  with  a  standard  of  paler  tint  than 
that  of  the  sample,  the  column  of  oil  may  be  shortened  until  the  two 
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Determination  of  Odour. — Some  experience  is  required  in  re- 
cording the  odour  of  kerosene,  for  due  consideration  must  be  given  to 
the  origin  and  grade  of  the  oil  under  examination.  The  points  to  be 
noticed  are  whether  the  odour  is  indicative  of  imperfect  refining,  and 
in  the  case  of  oil  in  barrels,  whether  the  glue  used  to  coat  the  inner 
surface  of  the  packages  has  become  decomposed  and  imparted  an 
odour  to  the  oil.  Usually  the  odour  is  reported  as  "  good-merchant- 
able "  or  "  not  good  merchantable." 

Determination  of  Flastung  Point  and  Fire  Test. — The  tem- 
perikture  at  which  a  mineral  oil,  on  being  slowly  heated,  begins  to 
evolve  vapour  in  such  quantity  that  on  the  application  of  a  flame  (the 
"  test  flame  ")  a  momentary  "  flash,"  due  to  the  ignition  of  the  vaponr, 
occurs,  is  termed  the  "  flashing  point  ,*"  and  the  temperature  at  which, 
on  being  further  heated,  the  oil  takes  fire  on  the  approach  of  a  flame, 
and  continues  burning,  is  described  as  the  "fire  test"  of  the  sample 
under  examination.  The  flashing  point  is  an  arbitrary  test,  the 
results  depending  upon  the  conditions  under  which 
the  test  is  made.  Moat  of  the  instruments  con- 
structed for  the  purpose  may  be  described  as  be- 
longing either  to  the  "  open  test "  class,  or  to  the 
"close  test"  class.  In  the  former  division,  the 
vessel  holding  the  sample  of  oil  is  uncovered,  and 
in  the  latter,  it  is  covered  during  the  progress  of 
the  experiment.  The  temperature  at  which  the 
flashing  point  is  i-eached  in  close  test  instruments 
is  usually  considt^rably  lower  than  that  at  which  it 
is  oliserved  in  open  test  instruments. 

The  testing  of  the  flashing  point  or  igniting 
point  of  kerosene  is  of  the  greatest  importance, 
and  forma  the  basis  of  legislation  on  petroleum  in 
most  civilised  countries.  The  customary  limitation 
of  specific  gravity  prevents  the  introduction  of  an 
undue  proportion  of  the  heavier  hydrocarbons, 
which  would  injuriously  afiect  the  burning  quality 
of  the  oil,  but  aflbrds  no  security  against  the  pre- 
sence of  very  volatile  hydrocarbons,  which  would 
render  the  oil  unsafe  for  use  in  lamps  of  the  ordin- 
ary construction.  Accordingly,  in  the  early  days  of 
the  petroleum  industry  in  the  United  States,  it  was 
the  practice  to  test  kerosene  by  pouring  it  upon  a 
warmed  surface  and  applying  a  light,  or  by  heating 
it  in  a  cup  placed  in  warmed  water  and  bringing 
a  burning  taper  near  the  surface,  the  flashing  point 
or  fire  test  being  thus  ascertained. 

Tagliabne'a  Open  Test  Instrument.— When  legal  restricUouB 
as  to  the  inflammability  of  kerosene  were  imposed,  special  forms  of 
apparatus  for  determining  the  flashing  point  and  fire  test  were  devised, 
the  earliest  of  these  being  the  open  test  instrument  of  Guiseppe 
Tagliabue  of  Kew-York.     This  (Fig.  300)  consists  of  a  glass  cup  placed 


Fig.  200. 
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in  a  copper  water  bath  heated  by  a  spirit  lamp.  The  cup  is  filled 
Vith  the  oil  to  be  tested,  a  thermometer  placed  in  it,  and  heat  applied, 
the  temperatures  being  noted  at  which  on  passing  a  lighted  splinter  of 
wood  over  the  surface  of  the  oil,  a  flash  occurs,  and,  after  further 
lieating,  the  oil  ignites. 

Early  Legislation  in  the  United  Kingdom. — The  Petroleum  Act 
of  July  29,  1862,  states  that  "Petroleum,  for  the  purposes  of  this  Act, 
shall  include  any  product  thereof  that  gives  off  an  inflammable  vapour 
at  less  than  100"  of  Fahrenheit's  thermometer,"  but  as  no  method  of 
testing  was  prescribed,  the  Act  remained  practically  inoperative.  On 
July  13,  1868,  after  the  subject  had  been  experimentally  investigated 
by  Sir  Frederick  Abel,  Professor  Attfield,  and  the  late  Dr.  Letheby, 
an  Act  was  passed  which  prescribed  the  form  of  apparatus  and  method 
bf  testing  to  be  adopted,  and  defined  "  petroleum  "  for  the  purposes  of 
the  two  Acts  as  including  "  all  such  rock  oil,  Rangoon  oil,  Burmah  oil, 
any  product  of  them,  and  any  oil  made  from  petroleum,  coal,  schist, 
shale,  peat,  or  other  bituminous  substance,  and  any  product  of  them, 
as  gives  off  an  inflammable  vapour  at  a  temperature  of  less  than  100" 
of  Fahrenheit's  thermometer."  It  was  at  first  intended  that  the  oil 
cup  should  be  3  inches  in  depth  and  Ij  inch  in  diameter,  and  that  it 
should  be  about  one-half  filled,  but  these  conditions  were  subsequently 
modified.  The  prescribed  apparatus  for  testing  consists  of  a  slightly 
conical  oil  cup  of  thin  sheet-iron,  provided  with  a  flat  rim,  and  a  raised 
edge  ^  inch  high.  Across  the  cup  and  fixed  to  or  resting  on  the  edge, 
is  a  wire,  which  is  thus  J  inch  above  the  flat  rim.  The  oil  cup  is  sup- 
ported by  the  rim  in  a  tin  water  bath.  The  outer  vessel  having  been 
filled  with  "  cold  or  nearly  cold  water,"  as  much  of  the  oil  to  be  tested 
is  poured  into  the  cup  as  will  fill  it  without  flowing  over  the  flat  rim, 
and  a  thermometer  with  a  round  bulb,  and  so  graduated  that  every 
10**  F.  occupies  not  less  than  ^  inch  on  the  scale,  is  then  suspended  in 
the  oil  so  that  the  bulb  is  immersed  about  IJ  inch  beneath  the 
surface.  A  screen  of  pasteboard  or  wood  of  specified  dimensions  having 
been  placed  round  the  apparatus,  a  ^*  small "  flame  is  applied  to  the 
bottom  of  the  water  bath,  and  when  the  temperature  of  the  oil  has 
reached  90°  F.,  a  **  very  small "  flame  is  passed  across  the  surface  of 
the  oil  on  a  level  with  the  wire,  this  application  of  the  test  flame  being 
repeated  for  every  rise  of  "  two  or  three"  degrees  in  temperature,  until 
a  "pale-blue  flicker  or  flash"  is  produced.  The  temperature  at  which 
this  occurs  having  been  noted,  the  experiment  is  repeated  with  a  fresh 
sample  of  the  oil,  withdrawing  the  source  of  heat  when  the  temperature 
approaches  that  noted  in  the  first  experiment,  and  applying  the  test 
flame  at  every  rise  of  two  degrees.  In  the  use  of  this  apparatus,  it  was 
found  that  oils  of  120"  F.  fire  test,  as  determined  in  the  United  States 
before  shipment,  usually  had  a  flashing  point  several  degrees  above  the 
legal  limit  of  100**  F. 

Early  Legislation  in  France.  —  The  first  directions  issued  in 
respect  to  the  testing  of  petroleum  in  France,  were  contained  in  the 
decree  of  the  3l8t  December,  1866.  The  permissible  weight  of  1  litre 
of  the  oil  was  not  to  exceed  800  grammes,  and  the  burning  point  of 
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the  oil  was  not  to  be  below  35**. C.  The  test  of  inflammability  was  to 
be  applied  by  heating  the  oil  in  a  copper  cup  6  to  7  centimetres  in 
diameter  by  2  to  3  centimetres  in  depth,  in  a  water  bath,  and  when  a 
thermometer  placed  in  the  oil  indicated  Sb"*  0.,  a  lighted  match  was 
to  be  drawn  across  the  surface  of  the  oil  and  finally  plunged  into  the 
liquid.  If  the  match  was  extinguished  without  igniting  the  oil,  the 
latter  was  considered  to  have  passed  the  test. 

Early  Legislation  in  the  United  States. — Most  of  the  earlier 
petroleum  legislation  in  the  United  States  was  based  on  the  fire 
testy  but  in  several  of  the  States,  a  flashing-point  test  was  pre- 
scribed. 

Squire's  Open  Test  Apparatus. — This  was  designed  with  a  view 
to  the  ready  adjustment  of  the  test  flame  to  the  required  height  above 
the  surface  of  the  oil.  The  oil  cup  was  heated  in  a  water  bath  as 
usual,  but  the  test  flame  was  furnished  by  a  wick  slightly  protruding 
from  a  long  tube  extending  from  the  side  of  a  cylindrical  reservoir 
charged  with  spirit.  The  reservoir  was  carried  by  an  arm  which 
swung  on  a  vertical  rod  attached  to  a  heavy  base,  separate  from  the 
water  bath,  and  the  height  of  it  could  be  adjusted  by  means  of  a  screw, 
80  that  the  flame  could,  by  swinging  the  lamp,  be  caused  to  pass  over 
the  oil  at  any  desired  distance  from  the  surface. 

The  inventor's  directions  were: — For  110'  oil,  the  cup  should  be 
filled  to  within  one-eighth  of  an  inch  from  the  top,  the  bulb  of  the 
thermometer  extended  into  the  oil  up  to  the  first  cut  line,  and  the 
height  of  the  test  flame  fixed  at  three-sixteenths  of  an  inch  above  the 
edge  of  the  cup,  or  five-sixteenths  of  an  inch  above  the  surface  of  the 
oil.  The  apparatus  should  stand  quite  level,  and  the  test  flame  should 
be  trimmed  down  to  about  the  size  of  a  dried  pea.  The  heat  of  the 
lamp  should  be  so  regulated  as  to  raise  the  temperature  of  the  oil 
5""  in  the  first  four  minutes,  and  afterwards  10°  every  three  minutes 
until  90**  is  reached,  at  which  point  the  lamp  is  withdrawn  for  three 
minutes  to  allow  the  temperature  to  become  stationary  (at  96°  to  98*), 
when  the  test  flame  is  swung,  beginning  at  2  inches  from  the  cup 
and  terminating  at  the  same  distance  on  the  other  side,  the  movement 
occupying  about  half  a  second.  If  no  flash  occurs,  the  test  flame  is 
again  swung  after  a  lapse  of  ten  seconds,  repeating  the  operation  every 
two  or  three  degrees  until  the  burning  point  is  reached.  The  lamp 
should  be  removed  before  a  test  is  made,  until  the  temperature  becomes 
stationary.  For  120''  oil,  the  lamp  should  be  allowed  to  remain  until 
the  thermometer  indicates  100"",  the  tests  being  then  applied  in  the 
manner  described,  only  at  every  four  or  five  degrees. 

Amaboldi's  Tester. — An  open  cup  tester  similar  to  that  of 
Tagliabue,  but  of  somewhat  larger  size,  and  provided  with  a  mechanical 
arrangement  for  passing  the  test  flame  over  the  oil,  was  introdnoed  by 
Arnaboldi. 

Saybolt's  Electric  Tester. — ^In  1879,  the  Saybolt  electric  tester 
(Fig.  201)  was  adopted  by  the  New  York  Produce  Exchange.  In  this 
apparatus,  the  oil  is  contained  in  an  open  cup,  and  ignition  is  effected 
by  a  spark  from  an  induction  coil,  passing  between  platinum  pointo 
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placed  at  a  fixed  distance  above  the  oil.     The  official  directions  for  the 
use  of  the  apporatuB  are  as  foUovB  : — 


"  Fill  the  metal  b&th  with  « 


r,  leaving  room  tor  diBplmocDieiit  by  the  bIbm 
Hlth  thermometer  indicatea  100^  P.,  at  which 


....»     He»t  the  water  until  the  luith  thermometer  indicatea  ___   _  .. 

pomt  remove  the  l&mp.     Fill  the  glua  cap  with  oil  to  top  tine,  indicated  b;  the 

rim  inrronndin^  cup,  which  is  one-eighth  of  ut  inch  below  top  edge  of  the  cap. 

See  that  there  la  no  oil  on  the  oQtaide  of  the  cup,  I 

naing  paper  to  clean  cup  in  preference  to  cotton 


Fig.a)l. 


upon  the  upper  level  edge, 

_.  woollen  material.     See  that 

the  surface  of  the  oil  is  free  from 
air  bubbles  before  tiret  flaah  il 
produced.  Lift  the  cop  iteadilj 
with  left  hand  and  place  in  the 
bath.  Suspend  the  thermometer 
with  the  bulb  of  same  immersed 
jnat  from  view  under  tbe  surface 
of  oil.  Adjust  the  flashing  bar 
and  immerse  tbe  battarj  zinca  ia 
fluid,  Trjr  for  first  flash  every 
degree  until  the  same  is  obtained. 
Attain  flash  by  producing  spark 
with  one  stroke  of  the  key.  Th« 
stroke  on  the  key  should  be  such 
as  in  telegisphy  isusedtoprodace 
what  is  called  a  dot,  that  is  a  short 

3uick  stroke.  The  first  flash  pro- 
need  from  110°  test  oil  ia  gener- 
ally obtained  when  the.  tempera- 
ture of  the  oil  has  arrived  at  90°. 
The  temperature  of  the  bath  at 
100°  (as  per  note  above)  will  carry 
the  oil  to  about  90°,  or,  in  other 


words,  to  about  the  first  Sashing  point,  without  the  aid  of  a  lamp.  When  the 
thermometer  in. the  oil  indicates  90°,  introduce  lamp  under  tbe  bath,  and  do  not 
remove  until  the  operation  ie  finished.  The  temperature  of  oil  when  placed  in 
bath  should  not  be  lower  than  65°,  nor  higher  than  70°  F.  The  flashing  bar  most 
be  free  from  oil  before  adjusting  for  teat.  Draughts  of  air  mu»t  be  Excluded  from 
the  apartment  wherein  tests  are  made.  Oil  of  110°  and  upwards  ehall  (after  first 
floah)  be  flashed  at  95,  100,  104,  108,  110,  112,  115.  Oil  of  120°  and  opwards, 
after  first  flash,  100,  105,  110,  115.  118,  120,  122,  125.  Oil  of  130°  and  npwarda, 
every  5°  after  firat  flash,  until  burning  point." 

iDdioDa  State  Test. — The  Indiana  State  Act  of  1861  prescribes 
the  method  of  applying  the  open  flash  test  as  follows  : — 

"  The  test  shall  be  made  in  a  test-cup  of  metal  or  glass,  cvlindrical  In  shapes 
two  and  one  quarter  inches  in  diameter  and  fonr  inches  deep,  both  measurementa 
being  made  inside  the  cup,  and  this  cup  shall  be  filled  to  within  one-quarter  of  an 
inch  of  the  brim  with  the  oil  or  other  substance  to  be  tested.  The  cup  shall  be 
jdaced  in  a  water  bath  sufficientlv  Urge  to  leave  a  clear  space  of  one  inch  under 
the  cup,  and  three-eighths  of  an  inch  around  it,  and  in  such  manner  as  to  project 
about  one-quarter  of  an  inch  above  the  water  bath.  The  space  between  the  cnp 
and  the  water  bath  shall  be  nearly  filled  with  cold  water,  taken  at  the  ordinary 
temperattire,  and  the  cup  being  placed  in  the  water  bath,  the  latter  shall  be 
heated  by  an  alcohol  lamp,  with  its  flame  so  graduated  that  tbe  rise  in  tempera- 
tare,  from  60°  F.  to  the  highest  test  temperature,  shall  not  be  leas  than  T  per 
minute,  and  shall  be  as  near  2°  per  minute  as  is  practicabla,  and  shall  in  no  case 
exceed  4°  per  minute.  A  Fahrenheit  thermometer  shall  be  suspended  in  such 
manner  that  the  upper  surface  of  ila  bulb  shall  be,  as  near  as  practicable,  one- 
qnorter  of  on  inch  below  the  surface  of  the  oil  uoderKoing  the  test;  as  soon  as  the 
teinperatnte  reaches  the  point  of  08°  F.,  the  lamp  shsll  be  removed  from  nnder  the 
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water  bath,  and  the  oil  shall  then  be  allowed  to  rise  to  the  temperature  of  100°  F. 
by  the  residual  heat  of  the  water,  and  at  that  point  the  first  test  for  flash  shall 
be  made  as  follows : — A  taper,  hereinafter  described,  shall  be  lighted,  and  the 
surface  of  the  oil  shall  be  touched  with  the  flame  of  the  taper,  and  it  shall  be 
lawful  to  apply  this  flame  either  to  the  centre  of  the  oil  surface  or  to  any  or  all 
parts  of  it,  but  the  taper  itself  shall  not  be  plunged  into  the  oil,  and  if  no  flash 
takes  place  at  the  temperature  of  100*"  F.,  the  lamp  shall  be  replaced  under  the 
water  oath,  and  the  temperature  raised  to  103°,  when  the  lamp  shall  be  again 
withdraMm,  and  allowed  to  rise  to  105°  by  the  residual  heat  of  the  water,  when 
the  test  shall  be  made  at  105°  by  again  applying  the  flame  of  the  taper,  as  herein- 
before  specified.  If  no  flash  occur,  the  test  shall  be  repeated  as  often  as  the  oil 
gains  5°  in  temperature,  3°  with  the  lamp  under  the  water  bath,  and  2°  with  the 
lamp  removed.  These  tests  shall  be  repe^^ed  until  a  flash  is  obtained.  The 
Inspector  shall  further  test  the  oil  by  applying  the  taper  at  every  2°  rise,  without 
removing  the  lamp  or  stirring  ;  but  if  a  flash  is  obtained  by  this  means  by  a  less 
rise  in  temperature  than  5°  herein  required,  he  shall  at  once  remove  the  lamp,  stir 
the  oil,  and  immediately  apply  the  flame.  The  taper  used  for  testing  maybe 
made  of  any  wood  giving  a  clear  flame,  and  it  shall  be  made  as  slender  as  possible, 
and  with  a  tip  not  more  than  one-sixteenth  of  an  inch  in  thickness.  No  taper  or 
match  wath  sulphur  on  it  shall  be  used,  unless  the  sulphur  is  first  removed 
before  lighting.  When  the  taper  is  lighted,  it  shall  be  applied  to  the  oil  imme- 
diately— that  IS  to  say,  before  an  ash  or  coal  has  time  to  form  on  the  end  of  the 
taper  beyond  the  flame,  and,  in  applying  the  taper,  the  flame  shall  be  made  to 
touch. the  oil,  but  the  taper  itself  shall  not  be  brought  in  contact  with  the  oil : 
Provided,  That,  if  the  taper  is  so  brought  in  contact  with  the  oil,  but  not  held 
there  longer  than  for  the  space  of  one  second,  and  the  oil  flashes,  the  test  shall 
not  thereby  be  vitiated,  but  the  Inspector  shall  immediately  remove  the  lamp, 
and  again  test  the  oil  by  the  flame,  without  allowing  the  body  of  the  taper  to 
touch  the  oil." 

The  Minnesota  State  testing  instrument  also  belongs  to  the  open 
test  class. 

Danish  Tester. — An  instrument  similar  to  that  of  Tagliabue,  but 
with  an  oil  cup  made  of  copper,  is  described^  as  the  Danish  Tester ^ 
and  is  said  to  be  the  instrument  at  one  time  oflicially  used  in  Denmark. 
In  carrying  out  the  test,  the  water  bath  is  filled  with  water  to  a  mark, 
the  oil  cup  is  inserted  and  filled  with  oil  up  to  a  mark,  and  the  ther- 
mometer is  placed  in  such  a  position  that  its  bulb  is  just  covered  by 
the  oil.  The  temperature  is  gradually  raised,  and  from  time  to  time, 
a  small  flame — that  of  a  wooden  match,  for  example — is  brought  within 
a  short  distance  of  the  surface  of  the  oil  (care  being  taken  not  to  touch 
either  the  oil  or  the  walls  of  the  cup),  until  a  flash  is  observed.  In 
repeating  the  test,  the  oil  cup  must  be  cooled  before  being  filled  with 
a  fresh  portion  of  the  oil,  and  the  water  bath  re-charged  with  cold 
water. 

Defects  in  the  English  Legal  Test  of  1868. — It  was  soon  found 
that  the  directions  for  testing  given  in  the  English  Petroleum  Act  of 
1868  were  not  suflBciently  precise,  and  that  the  words  "small  flame" 
and  "  very  small  flame  "  were  differently  interpreted  by  various  oper- 
ators. As  the  result,  dealers  were  frequently  proceeded  against, 
and  sometimes  convicted,  for  selling  kerosene  flashing  below  the  legal 
limit,  although  the  oil  had  been  passed  by  independent  experts. 
Moreover,  it  was  found  that  the  open  cup  tests  were  very  unreliable, 
especially  when  made  by  comparatively  unskilled  and  inexperienced 
persons. 

^  Zt\ts,f*  ancU,  Chemie  for  1881,  zx.,  11. 
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Keatea'a  Close  Teat  Inctmment. — The  suhatitntioa  or  a  cloud 
or  covered  oil  cup  (Fig.  202)  for  the  open  cup  wbs  ftcoordingly  proposed 
by  Mr.  Eeates,  consulting  chemist  of  the 
>letropoliUn  Board  of  Works.  In  1871,  a 
bill  to  legalise  tliia  change  and  to  otherwiM 
amend  the  existing  law  was  introduced,  bat 
it  was  opposed  by  the  petroleum  trade  on 
the  ground  that  the  flashing  point  of  85'  F. 
advocated  by  Jlr.  Keates  was  much  higher 
than  the  equivalent  of  the  standard  of 
100"  J.  in  use  with  the  oi>en  cup. 

The  Act  of  1871.— The  Act  passed  on 
Auf^fUBt  1 1,  1871,  although  repealing  the  two 
lust  Acts  (see  the  section  on  Legislation), 
did  not,  therefore,  effect  any  alteration  in 
the  mwle  of  testing,  but  prescribed  the  use 
of  the  open  cup  as  specitied  in  the  Act  of 
186H. 

The  Select  Committee  of  1S7S. — In  the 
following  year,  a  Select  Committee  of  the 
llDUse  of  Lords  enquired  into  the  subject  of 
jMttroJeum  testing,  but  arrived  at  no  definite 
conclufilons. 

Beference  to  Sir  Frederick  Abel. — In 
11175,  the  Government,  with  the  concurrence 
of  the  Metropoliian  Board  of  Works  and  of  the 
Petroleum  Association,  rp(| nested  Sir  Frederick  Abel  to  experimentally 
investigate  the  matter,  with  a  view  to  placing  it  on  a  satisbctory  basis. 
The  questions  referred  were  as  follows  :  — 

"  1.  Whether  the  method  of  teBlirif  petroleum  u  preBorihed  in  ichednle  I  of 
the  Petroleum  Act,  INTI  (34  and  35  Vict.,  c.  105),  is  such  on  uniformly  to  emnre 
reliable  and  BatiHfactury  i-esults. 

"2.  If  not,  what  alterations  in  the  method  of  teatini;  petroleum  should  be 
ailo]>te<t  to  secure  HUch  rcHaltSi  due  regard  being  had  to  the  fact  that  the  testing 
must,  in  inuny  initaiitcs,  be  carrieil  out  by  peraoiu  who  have  had  comparatively 
little  experience  hi  cunrluctinj;  delicate  experimenta. 


Fig.S02. 


'3.  Auumins  it  to  be,  in  your  opinion,  desirable  to  obtain  a  'Hashing  t«Bt'fbr 
petroleam.  whether  the  present  '  flashing  point '  of  100°  F.  (or  its  equivalent  under 
snv  modilied  method  of^  testini;  which  you  may  proiiose)  is,  in  your  judgment. 


>reseDt  'flashing  point 'of  100°  t 

testinn  which  you  may  propoi 

:atcuUtcd  to  afTurri  aderiuate  protection  to  the  public,  without  unHnly  interTering 


with  or  restricting  the  trade ;   if  not,  what  alteration  in  this  respect  shonld  be 

After  a  pro)iingc<l  and  exhaustive  experimental  inquiry,  in  which 
Dr.  Kidlimr  rendnritd  valuable  assistance.  Sir  Frederick  Abel  presented 
to  tlie  Kccnilsry  of  State  an  elaborate  report,  dated  August  \'i,  1876, 
wherein  the  quMtions  enumerated  were  thus  answered  : — 

(1)  Thctnathod  of  l««tlnf(  petroleum  as  prescribed  in  schedule  1  of  the  PetroleOBi 
Act,  lti71  CM  aiirl  .T>  Vict.,  c.  lOJ),  is  not  of  a  nature  "umformly  to  enrare 
reliable  ami  salinfactory  results." 

(2)  A  method  of  teitmg  petroleum  has  bcm  elaborated  for  adoption  in  plice  of 
that  prsscnbed  by  tho  Petroleum  Act,  ISTl,  due  regard  having  been  baa  to  the 
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fact  **  that  the  testing  must,  in  many  instances,  be  carried  out  by  persons  who 
have  had  comparatively  little  experience  in  conducting  delicate  experiments.'* 
This  method,  while  resembling  in  its  general  nature  the  one  hitherto  used,  is  free 
from  the  defects  inherent  in  the  latter^  and  is  so  arranged  that  it  can  be  carried 
out,  with  the  certainty  of  furnishing  uniform  and  precise  results,  by  persons  pos- 
sessing no  special  knowledge  or  skul  in  manipulation.  With  ordinary  attention 
in  the  first  instance  to  simple  instructions,  different  operators  cannot  fail  to  obtain 
concordant  results  with  it,  and  it  is  so  nearly  automatic  in  its  nature  that  it  is  not» 
like  the  present  method  of  testing,  susceptible  of  numipulation  so  as  to  furnish 
different  results  at  the  will  of  the  operator. 

(3)  There  are  not,  in  my  judgment,  any  well-established  grounds  for  considering 
that  the  present  flashing  point  of  100°  F.  is  not  **  calculated  to  afford  adequate 
protection  to  the  public. 

(4)  With  the  employment  of  the  new  test,  a  minimum  flashing  point  should 
therefore  be  adopteit,  which  is  equivalent,  or  as  nearly  as  possible  so,  to  the  flashing 
point  of  100°  F.,  as  furnished  by  the  present  test. 

In  the  determination  of  the  equivalent  flashing  point,  it  was  ob- 
viously necessary  to  deal  with  the  conflicting  views  already  referred  to, 
as  to  the  proper  mode  of  conducting  the  test  with  the  open-cup  instru- 
ment. The  author  was  enabled  to  assist  Sir  Frederick  Abel  in  the 
conduct  of  this  portion  of  the  enquiry,  but  before  the  test  standard 
was  even  provisionally  frxed,  Mr.  T.  W.  Keates,  as  representing  the 
Metropolitan  Board  of  Works,  and  Mr.  John  Calderwood,  on  behalf  of 
the  Scottish  Mineral  Oil  Association,  were  also  consulted.  Eventually, 
as  the  result  of  the  joint  experiments,  it  was  ascertained  that  the 
difference  between  the  flashing  points  obtained  with  the  open-cup 
instrument  and  those  furnished  by  the  Abel  apparatus,  usually  ranged 
from  25"  to  29°  F.  Adopting  the  mean  difference  of  27**.  the  new 
standard  was  accordingly  fixed  at  73**  F.  The  author  then  applied 
the  two  tests  to  1,000  samples  of  American  kerosene,  the  first  968 
samples  consisting  of  the  ordinary  oil  of  commerce,  and  the  remaining 
32  of  "  water-white"  oil.     The  following  were  the  results  obtained  : — 


o 


o 


92  samples  showed  a  difference  between  the  two  tests  of  25 
208  ,,  ,,  ,,  „  ,,  26 

*>-"  >»  »»  ^^  »»  ff  — ' 

281  ,,  ,j  ,,  „  ,,  28 

iOsm  ,,  ..  >.  .,  ,.  ».i) 


968 
On  the  other  hand,  the  majority  of  the  last  32  samples  gave  smaller 
differences,  as  follows  : — 

9  samples  showed  a  difference  between  the  two  tests  of  20° 
I  sample  „  „  „  „  2V 

9  samples  ,,  „  ,,  „  22** 

1  sample  „  „  ,,  „  23** 

.  4  samples  ,,  ,,  ,,  „  24" 

80R0 
If  »»  »»  »»  t»  *** 

32 
These,  however,  all  consisted,  not  of  ordinary  petroleum  oil,  but  of 
the  special   kind   which  is  known  in  the  trade  under  the  name  of 
"  water- white  "  oil,  and,  therefore,  the  exceptional  results  afforded  by 
them  do  not  affect  the  question  at  issue,  and  are  of  interest  oolj 
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showing  that  samples  may  be  selected  or  specially  prepared  having 
flashing  points  1)y  the  two  systems  more  closely  approximating  than 
those  of  the  ordinary  petroleum  oil  of  commerce.  This  water-white 
oil,  as  is  well  understood,  possesses  the  distinctive  feature  of  low 
specific  gravity  in  addition  to  that  of  high  flashing  point,  being  in  fact 
produced  at  a  considerably  enhanced  cost,  by  rejecting,  in  the  process 
of  distilling  the  crude  oil,  an  unusually  large  proportion  of  the  heavier 
as  well  as  of  the  lighter  hydrocarbons,  and,  doubtless,  this  accounts 
for  the  smaller  difference  between  the  two  tests. 

Before  the  new  test  was  legalised,  the  author  proceeded  (in  1877) 
to  New  York  for  the  purpose  of  submitting  the  instrument  to  the 
inspectors  appointed  by  the  New  York  Produce  Exchange,  and  ar- 
ranging for  itis  use  in  testing  kerosene  intended  for  shipment  to  this 
country. 

The  Abel  Test. — The  result  of  Sir  Frederick's  investigation  was 
the  legalisation,  on  August  11,  1879,  of  the  **Abel  test."  The  instru- 
ment and  its  use  are  thus  described  in  the  Petroleum  Act  of  that 
date : — 

FIRST  SCHEDULE. 

Mode  of  Testing  Petroleum  so  as  to  ascertain  the  Temperature  at  which 

IT   WIIX  GIVE  OFF  INFLAMMABLE  VaPOUR. 

Specification  of  the  Test  Apparatus  (Figs.  203  to  205).— The 
following  is  a  description  of  the  details  of  the  apparatus  : — 

The  oil  cup  consists  of  a  cylindrical  vessel  2  inches  diameter,  2^^^  inches  in 
heisht  (internal),  with  outward  projecting  rim  ^  inch  wide,  f  inch  from  the  top, 
and  1^  inch  from  the  bottom  of  the  cup.  It  is  made  of  gun-metal  or  brass 
(17  B.VV.G.)  tinned  inside.  A  bracket,  consisting  of  a  short  stout  piece  of  wire 
bent  upwards  and  terminating  in  a  point,  is  fixed  to  the  inside  of  the  cup  to  serve 
as  a  gauge.  The  distance  of  the  point  from  the  bottom  of  the  cup  is  1  ^  inch. 
The  cup  is  provided  with  a  close-fitting  overlapping  cover  made  of  brass  (22 
B.  W.G.),  which  carries  the  thermometer  and  test  lamp.  The  latter  is  suspended 
from  two  supports  from  the  side  by  means  of  trunnions,  upon  which  it  may  he  made 
to  oscillate  ;  it  is  pravided  with  a  spout,  the  mouth  of  which  is  ^  inch  diameter. 
The  socket  which  is  to  hold  the  thermometer,  is  fixed  at  such  an  angle  and  its 
length  is  so  adjusted,  that  the  bulb  of  the  thermometer,  when  inserted  to  its  full 
depth,  shall  bo  1^  inch  below  the  centre  of  the  lid. 

The  cover  is  provided  with  three  square  holes— one  in  the  centre,  ^  inch  by 
1^  inch,  and  two  smaller  ones,  ^  inch  bv  iV  inch,  close  to  the  sides  and  opposite 
each  other.  These  three  holes  may  be  closed  and  uncovered  by  means  of  a  slide 
moving  in  grooves,  and  having  perforations  corresponding  to  those  on  the  lid. 

In  moving  the  slide  so  as  to  uncover  the  holes,  the  oscillating  lamp  is  caught 
by  a  pin  fixed  in  the  slide,  and  tilted  in  such  a  way  as  to  bring  the  end  of  the 
B\K)\it  just  below  the  surface  of  the  lid.  Upon  the  slide  being  pushed  back  so  as 
to  cover  the  holes,  the  lamp  returns  to  its  orijj^inal  position. 

Upon  the  cover,  in  front  of  and  in  line  with  the  mouth  of  the  lamp,  is  fixed  a 
white  bead,  the  dimensions  of  which  represent  the  size  of  the  test  fiame  to  be  used. 

The  bath  or  heating  vessel  consists  of  two  flat-bottomed  copper  cylinders  (24 
B.W.G.) — an  inner  one  of  3  inches  diameter  and  2|  inches  in  height,  and  an  outer 
one  of  5^  inches  diameter  and  5f  inches  in  height ;  they  are  soldered  to  a  circular 
copper  plate  (20  B.W.G.)  perforated  in  the  centre,  which  forms  the  top  of  the 
bath,  in  such  a  manner  as  to  enclose  the  space  between  the  two  cylinaers,  but 
leaving  access  to  the  inner  cylinder.  The  top  of  the  bath  projects  both  outwards 
and  inwards  about  $  inch;  that  is,  its  diameter  is  about  f  inch  greater  than  the 
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le  centre  U  aboat 


bath  and  the  oil  cup.     The  exact  dUtonce  between  tlis  Hidei  m 

bath  luid  of  the  oil  cup  ia  }  inch.     A  split  socket  aimiUr  to  tha.     . 

tbe  oil  cup,  but  Bet  at  a  right  angle.  allowB  a  thermometer  to  be  inserted  into  tt 

space  between  the  two  oyrindera.     The  bath  «  farther  provided  with  »  fnnDcl,  « 

overflow  pipe,  and  two  loop  handlei. 
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The  bath  rests  upon  a  cast-iron  tripod  stand,  to  the  ring  of  which  is  attached  a 
copper  cylinder  or  jacket  (24  B.W.G.)  flanged  at  the  top,  and  of  such  dimensions 
that  the  bath,  while  firmly  resting  on  the  iron  ring,  just  touches  with  its  project- 
ing top,  the  inward-tumea  flange.  The  diameter  of  this  outer  jacket  is  6^  ioches. 
One  01  the  three  legs  of  the  stimd  serves  as  a  support  for  the  spirit  lamp  attached 
to  it  by  means  of  a  small  swing  bracket.  The  aistance  of  the  wick- holder  from 
the  bottom  of  the  bath  is  1  inch. 

Two  thermometers  are  provided  with  the  apparatus— the  one  for  ascertaining 
the  temperature  of  the  bath,  the  other  for  determining  the  flashing  point.  The 
thermometer  for  ascertainins  the  temperature  of  the  water,  has  a  long  bulb  and  a 
space  at  the  top.  Its  range  is  from  about  90**  to  190°  F.  The  scale  (in  degrees  of 
Fahrenheit)  is  marked  on  an  ivory  back  fastened  to  the  tube  in  the  usual  way.  It 
is  fitted  with  a  metal  collar,  fitting  the  socket,  and  the  part  of  the  tube  below  the 
scale  should  have  a  length  of  about  3^  inches,  measured  from  the  lower  end  of  the  < 
scale  to  the  end  of  the  bulb.  The  thermometer  for  ascertaining  the  temperature  of 
the  oil,  is  fitted  with  collar  and  ivory  scale  in  a  similar  manner  to  the  one  described. 
It  has  a  round  balb,  a  space  at  the  top,  and  ranges  from  about  55°  F.  to  150"  F. ; 
it  measures,  from  end  of  ivory  back  to  bulb,  2|  inches. 

Note. — A  model  apparatus  is  deposited  at  the  Weights  and  Measures  Depart- 
ment of  the  Board  of  Trade. 

DIKBOTIONS   FOR  APPLYINa   THE    PLASHINa   TEST. 

1.  The  test  apparatus  is  to  be  placed  for  use  in  a  position  where  it  is  not  ex- 
posed to  currents  of  air  or  draughts. 

2.  The  heating  vessel  or  water  bath  is  tilled  bv  pouring  water  into  the  funnel 
until  it  begins  to  flow  out  at  the  spout  of  the  vessel.  The  temperature  of  the  water 
at  the  commencement  of  the  test  is  to  be  130"  F.,  and  this  is  attained  in  the  first 
instance  either  by  mixing  hot  and  cold  water  in  the  bath,  or  in  a  vessel  from  which 
the  bath  is  filled,  imtil  the  thermometer  which  is  provided  for  testing  the  tempera- 
ture of  the  water  gives  the  proper  indication ;  or  by  heating  the  water  with  the 
spirit  lamp  (which  is  attached  to  the  stand  of  the  apparatus)  until  the  required 
temperature  is  indicated. 

If  the  water  has  been  heated  too  highly,  it  is  easily  reduced  to  130"  by  pouring 
in  cold  water  little  by  little  (to  replace  a  portion  of  the  warm  water)  until  the 
thermometer  gives  the' proper  reading. 

When  a  test  has  been  completed,  this  water  bath  is  attain  raised  to  130"  by 
placing  the  lamp  undenieath,  and  the  result  is  readily  obtained  while  the  petro- 
leum cup  is  being  emptied,  cooled,  and  refilled  with  a  fresh  sample  to  be  tested. 
The  lamp  is  then  turned  on  its  swivel  from  under  the  apparatus,  and  the  next  test 
is  proceeded  with. 

3.  The  test  lamp  is  prepared  for  use  by  fitting  it  with  a  piece  of  flat  plaited 
candle-wick,  and  filling  it  with  colza  or  rape  oil  up  to  the  lower  edge  of  the  opening 
of  the  spout  or  wick  tube.  The  lamp  is  trimmed  so  that  when  lighted,  it  gives  a 
flame  of  about  0*15  of  an  inch  diameter, >  and  this  size  of  flame,  which  is  represented 
by  the  projecting  white  bead  on  the  cover  of  the  oil  cup,  is  readily  maintained  by 
sunj^e  maniimlation  fix>m  time  to  time  with  a  small  wire  trimmer. 

When  gas  is  available  it  may  be  conveniently  used  in  place  of  the  little  oil  lamp, 
and  for  this  purpose  a  test-flame  arrangement  for  use  with  gas  may  be  substituted 
for  the  lamp. 

4.  The  bath  having  been  raised  to  the  proper  temperature,  the  oil  to  be  tested 
is  introduced  into  the  petroleum  cup,  being  poured  in  slowly  until  the  level  of  the 
liquid  just  reaches  the  point  of  the  gauge  which  is  fixed  in  the  cup.  In  warm 
weather  the  temperature  of  the  room  in  which  the  samples  to  be  tested  have  been 
kept  should  be  observed  in  the  first  instance,  and  if  it  exceeds  65",  the  samples  to 
be  tested  should  be  cooled  down  (to  about  60")  by  immersing  the  bottles  containing 

^  It  was  at  first  intended  merely  to  specify  the  size  of  the  flame,  but  as  it  was 
found  difficult  to  judge  of  the  diameter,  the  bead  was  added  at  the  suggestion  of 
the  author. 
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them  in  cold  water,  or  by  any  other  convenient  method.  The  lid  of  the  cnp,  with 
the  slide  closed,  is  then  put  on,  and  the  cap  is  placed  into  the  bath  or  heating 
vessel.  The  thermometer  in  the  lid  of  the  cup  has  been  adjusted  so  as  to  have  its 
bulb  just  immersed  in  the  liquid,  and  its  position  is  not  under  any  circumstances 
to  be  altered.  When  the  cup  has  been  placed  in  the  proper  position,  the  scale  of 
the  thermometer  faces  the  operator. 

5.  The  test  lamp  is  then  placed  in  position  upon  the  lid  of  the  cup,  the  lead  line 
or  pendulum,  which  has  been  fixed  in  a  convenient  position  in  front  of  the  operator, 
is  set  in  motion,  and  the  rise  of  the  thermometer  in  the  petroleum  cup  is  watched. 
When  the  temperature  has  reached  about  66%  the  operation  of  testing  is  to  be 
commenced,  the  tebt-flame  being  applied  once  for  every  rise  of  one  decree  in  the 
following  manner: — 

The  slide  is  slowly  drawn  open  while  the  pendulum  performs  three  oscillations, 
and  is  closed  during  the  fourth  oscillation. 

Note. — If  it  is  desired  to  employ  the  test  apparatus  to  determine  the  flashing 
point  of  oils  of  very  low  volatility,  the  mode  of  proceeding  is  to  be  modified  as 
follows: — 

The  air  chamber  which  surrounds  the  cup  is  filled  with  cold  water  to  a  depth 
of  14  inch,,  and  the  heating  vessel  or  water  oath  is  filled  as  usual,  but  also  with 
cold  water.  The  lamp  is  then  placed  under  the  apparatus,  and  kept  there  during 
the  entire  operation.  If  a  very  heavy  oil  is  being  dealt  with,  the  operation  may 
be  commenced  with  water  previously  heated  to  120**,  instead  of  with  cold  water. 

The  pendulum  described  in  (5)  measures  24  inches  from  the  point 
of  suspension  to  the  centre  of  gravity  of  the  weight.  The  author  has 
found  it  convenient  to  employ  a  synchronised  pendulum  clock,  or  a. 
metronome,  when  making  a  large  number  of  tests. 

The  Abel  instruments  employed  in  the  United  Kingdom  by  the 
inspectors  appointed  in  accordance  with  the  provisions  of  thfr 
Petroleum  Acts,  are  standardised  by  the  Weights  and  Measures  De- 
partment of  the  Board  of  Trade. 

Effect  of  Variations  in  Barometrio  Pressure. — It  was  soon  found 
that  the  results  obtained  with  the  Abel  instrument  differed  materially 
according  to  the  barometric  pressure  at  the  time  of  testing.  This 
source  of  variation  appears  to  have  been  first  observed  accidentally  in 
Germany,  and  as  the  result  of  a  series  of  experiments  made  in  an  air* 
tight  chamber  in  the  Jewish  Hospital  in  Berlin,  it  was  ascertained 
that  the  difference  in  the  flashing  point  amounted  to  about  0*30°  C.  for 
each  10  millimetres  difference  in  the  barometric  column.  A  table 
of  corrections  was  accordingly  prepared  in  Germany  for  use  with  the 
Abel-Pensky  tester,  as  described  on  pp.  568  and  570. 

Experiments  at  different  Altitudes  in  Switzerland. — To  obtain 
further  evidence  as  to  the  effect  of  alteration  in  barometric  pressure 
on  the  flashing  point,  a  series  of  experiments  was  conducted  by  the 
author  in  association  with  Sir  Frederick  Abel  at  different  altitudes 
in  Switzerland,  and  results  exhibiting  a  difference  of  about  2**  F.  in 
the  flashing  point  for  1  inch  difference  in  barometric  pressure,  were 
obtained. 

The  experiments  were,  however,  not  carried  out  with  a  view  of 
determining  the  exact  extent  of  variation,  the  number  of  tests  made 
being  insufficient  to  form  the  basis  of  a  table  of  corrections.  The 
results  actually  obtained  are  given  in  the  following  table  : — 
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No.  of 

London. 

Paris. 

Bouveret. 

Sample. 

Bar.  at  SO'' 

8015". 

iM-TS". 

1 

IV  F. 

IV  F. 

68^. 

2 

73 

73 

70 

3 

76 

76 

Ti 

4 

78 

78 

75 

5 

85 

85 

83 

66' F. 

68 

71 

73 

80 


Chamounix. 

Zennatt. 

26-425". 

24-8''. 

63^. 

j 

60°  F. 

64 

62 

68 

65 

70 

67 

78 

75 

55*  F. 

56 

63 

64 

70 


Difference  in  barometer 
from  London  observa- 
tion, .... 

Mean  difference  in  flash-  ) 
ing  point  per  inch  of  > 
mercurial  column,      .  ) 


1-25'' 
2  05'* 


.R" 


2-5 


.srs'"' 


3-575 


2-238' 


•T*' 


5-7 


1-93'' 


8-5* 
1-76* 


Effeot  of  a  Tropical  Climate. — It  was  also  found  that  the  effect 
of  a  tropical  climato  upon  the  liberation  of  vapour  from  the  oil  resulted 
in  the  flashing  point  being  considerably  lowered,  and  as  the  Indian 
Government,  in  adopting  the  Abel  test,  had  copied  the  directions 
verbatim  from  the  English  Act,  the  result  was  that  several  cargoes 
of  oil,  which  were  certified  as  of  proper  flashing  point  at  the  time  of 
shipment,  were  refused  admittance  at  the  port  of  Calcutta. 

Experimental  Investigations  in  India  and  in  London. — In  order 
to  investigate  the  matter,  the  author  proceeded  to  India,  and  from 
a  series  of  experiments  made  there  and  afterwards  in  England  in 
conjunction  with  Sir  Frederick  Abel  and  with  the  assistance  of  Dr. 
Kellner,  it  was  demonstrated  that  a  much  lower  flashing  point  than 
that  furnished  in  a  temperate  climate  was  liable  to  be  obtained  when 
the  Al>el  test  was  employed  in  a  tropical  climate  in  the  manner 
prescribed  in  the  English  Act.  Further  experiments  made  by  Dr. 
Warden,  analyst  to  the  Government  of  Bengal,  Professor  Pedler  of 
Calcutta,  Dr.  Lyon,  Sir  Frederick  Abel,  Dr.  Kellner,  and  the  author 
showed  that  the  depression  in  the  flashing  point  was  largely  due  to 
disengagement  of  vapour  in  the  act  of  filling  the  oil  cup.  Although 
prolonged  cooling  of  the  oil  minimised  the  liability  to  such  disengage- 
ment of  vapour,  it  was  found  that  the  only  practical  means  of 
eliminating  this  source  of  error,  was  to  get  rid  of  the  vapour  before 
commencing  the  test  or  before  the  flashing  point  was  reached. 

Modification  Proposed. — The  vapour  was  readily  removed  by 
gently  blowing  over  the  surface  of  the  oil  before  placing  the  cover 
on  the  cup,  or  by  the  use  of  an  aspirator  attached  to  the  cover,  or  by 
leaving  the  test  slide  withdrawn  for  some  time;  but  the  method  finally 
adopted  consisted  in  commencing  the  test  many  degrees  below  the 
flashing  point,  so  that  the  vapour  is  withdrawn  by  the  current  of  air 
created  \?y  the  test  flame,  in  successive  quantities  too  small  to  cause 
a  flash  before  volatilisation  of  the  oil  begins.  Thus  modified,  the  test 
gives  results  at  a  tropical  temperature  which  agree  very  closely  with 
those  which  it  furnishes  in  a  temperate  climate.     The  slight  loss  of 
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volatile  constituents  'which  occurs  when  the  test  is  so  performed  is 
of  no  practical  importance  since  such  loss  takes  place  even  by  exposure 
to  the  air  in  hot  climates  (see  a  joint  communication  from  Sir  F.  Abel 
and  the  author  in  the  Chemical  News^  May  2,  1884). 

Directions  for  oonducting  the  Test  in  Temperate  and 
Tropical  Climates. — In  October,  1887,  Sir  Frederick  Abel  drew  up 
the  following  directions  for  the  use  of  the  Abel  instrument  in  both 
temperate  and  tropical  climates : — 

DIREOTIONS  FOR  PREPARING  AND  USING  APPARATUS 

FOR  TESTING  PETROLEUM  OIL. 

{These  Directions  apply  to  the  use  of  the  Abel  tester  in  temperate  cUmales.) 

1.  Preparing  the  Water  Bath. — The  water  bath  is  filled  by  pouring  water  into 
the  funnel  until  it  begins  to  How  out  at  the  overflow  pipe.  The  temperature 
of  the  water  at  the  commencement  of  each  test,  as  inaicated  by  the  long-bulb 
thermometer,  is  to  be  130*"  F.,  and  this  is  attained  in  the  first  instance  by  mixing 
hot  and  cold  water,  either  in  the  bath  or  in  the  vessel  from  which  the  bath  is 
filled,  until  the  thermometer  which  is  provided  for  testing  the  temperature  of  the 
water  gives  the  proper  indication ;  or  the  water  is  heated  by  a  spirit  lamp  (which 
is  attached  to  the  stand  of  the  apparatus)  until  the  required  temperature  is 
reached. 

2.  Preparing  the  Test  Lamp. — The  test  lamp  is  fitted  with  a  piece  of  cylin- 
drical wick  of  such  thickness  that  it  fills  the  wick-holder,  but  may  readily  be 
moved  to  and  fro  for  the  purpose  of  adjusting  the  size  of  the  flame.  In  the  body 
of  the  lamp,  upon  the  wick,  which  is  coiled  within  it,  is  placed  a  small  tuft  of 
cotton-wool  moistened  with  petroleum,  any  oil  not  alworbed  by  the  wool  being 
removed.  When  the  lamp  has  been  lighted  the  flame  is  adjusted  until  it  is  the 
size  of  the  bead  fixed  on  the  cover  of  the  oil  cup. 

3.  Filling  the  Oil  Cup. — The  oil  cup  is  placed  on  a  level  surface  in  a  good 
light,  and  the  oil  to  be  tested  is  poured  in  without  splashing,  until  its  surfisuse  is 
level  with  the  point  of  the  gauge  which  is  fixed  in  the  cup.  The  oil  should  be 
poured  from  a  suitable  small  vessel,  never  direct  from  a  large  can.  The  round- 
bulb  thermometer  is  inserted  into  the  lid  of  the  cup,  care  being  taken  that  the 
projecting  rim  of  the  collar  touches  the  edge  of  the  socket;  the  test  lamp, 
prepared  as  already  described,  is  placed  in  position,  and  the  cover  put  on  to  the 
cup  and  pressed  down  so  that  its  edge  rests  on  the  rim  of  the  cup. 

4.  The  Application  of  the  Test — The  water  bath,  with  its  thermometer  in 
position,  is  placed  in  some  locality  where  it  is  not  exposed  to  currents  of  air,  and 
where  the  light  is  sufficiently  subdued  to  admit  of  the  size  of  the  test-flame  being 
compared  with  that  of  the  l>ead  on  the  cover.  The  cup  is  carefullv  lifted  without 
being  shaken,  placed  in  the  bath,  and  the  test  lamp  lighted.  The  thermometer 
in  the  oil  cup  is  now  watched,  and  when  the  temperature  has  reached  66"*  F.  (the 
sample,  if  necessary,  having  previously  been  cooled  to  below  that  temperature  by 
immersing  the  vessel  containing  it,  in  cold  water),  the  operation  of  testing  is  to  lie 
commenced,  the  test  flame  beinff  applied  for  every  rise  of  one  degree. 

If  the  oil  cup  is  provided  with  the  automatic  (Pensky*s)  arrangement  for  open- 
ing and  shutting  tne  slide,  the  clockwork  is  wound  up  by  turning  the  knob  irom 
left  to  right,  and  set  in  motion  by  pressing  the  trigger. 

If  the  slide  is  intended  to  be  moved  by  hand,  it  should  be  drawn  open  slowly 
and  shut  quickly.  The  exact  time  to  be  observed  in  this  operation  is  regulated 
by  the  swing  of  the  pendulum  supplied  with  this  form  of  instrument.  The 
opening  of  the  slide  should  take  the  time  of  three  oscillations,  the  shuttine  of  the 
slide  the  time  of  the  fourth  oscillation  of  the  pendulum.  (By  one  osciluttion  is 
meant  the  passage  of  the  ball  of  the  pendulum  from  the  greatest  distance  from  the 
vertical  on  the  one  side,  to  the  greatest  distance  on  the  other.) 

If  a  flash  occurs  at  the  first  application  of  the  test-flame  (at  66^  F.),  or  at  any 
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fobA  beknr  73°  F.,  the  opentum  ia  to  be  repeated  with  a  freah  portion  of  the  oil, 
which  IB  cooled  down  to  55*  F.  before  being  placed  in  the  cap.  The  first  appli- 
cation of  the  test-flame  is  made  when  the  temperature  of  the  oil  has  reached  60  F. 

In  repeating  a  test,  a  fresh  sample  of  oU  most  always  be  used,  the  tested 
sample  oeing  thrown  away. 

5.  ConeAoD,  for  Atmosidierio  Pressoze.  — As  the  flashing  point  of  an  oil  is 
inflnenced  by  chanses  in  atmospheric  pressure  to  an  average  extent  of  1*6**  F.  for 
every  inch  of  the  barometer,  a  correction  of  the  observed  flashing  point  may 
become  necessary.  The  height  of  the  barometer  most,  therefore,  be  determined 
at  the  time  of  making  the  test  for  the  flashing  point.  An  aneroid  barometer  is. 
supplied  for  this  purpose.  To  facilitate  the  correction  of  a  flashing  point  for 
pressure  a  table  is  appended  (see  table  following  the  directions  for  applying  the 
test  in  hot  climates),  giving  the  flashing  points  of  oils  ranging  fh>m  65  to  SO*"  F. , 
under  pressures  ran^ng  from  27  to  31  incnes  of  mercury. 

The  table  is  used  in  the  following  manner : — 

Example, — An  oil  has  given  a  &shing  point  of  71°,  the  barometer  being  28*6  ;^ 
take  the  nearest  number  to  71°  in  the  vertical  column  headed  28*6.     This  number  ' 
is  70*8.    Substitute  for  this  the  number  in  the  same  horizontal  line  in  the  column 
headed  90  (the  normal  height  of  barometer).    The  substituted  number — i.e.,  the 
tme  flashing  point  of  the  oil — is  73". 

The  following  directions  apply  to  the  use  of  the  Abel  petroleum 
tester  in  hot  climates : — 

DIB£CTIONS  FOR  DRAWING  TKB   SAMPLE  AND 
PREPARINQ  IT  FOR  TESTINQ. 

L  Drawing  the  Sample. — In  all  cases  the  testing  oflicer,  or  some  person  duly 
authorised  by  him,  shall  personally  superintend  the  drawing  of  the  sample  from 
an  original  unopened  tin  or  other  vesseL 

An  opening  sufficiently  large  to  admit  of  the  oil  being  rapidly  poured  or 
•iphoned  from  the  tin  or  other  vessel  shall  be  made. 

Two  bottles,  each  of  the  capacity  of  about  40  fluid  ounces,  are  to  be  filled 
with  the  oil.  One  of  these,  the  contents  of  which  are  intended  to  be  presented  for 
reference  in  case  of  need,  is  to  be  carefully  corked,  the  cork  being  well  driven 
^ome,  cut  off  level  with  the  neck,  and  melted  sealing-wax  worked  into  it.  The 
other  bottle  may  be  either  stoppered  or  corked. 

2.  Preparing  the  Sample  for  Testing. — About  10  fluid  ounces  of  the  oil* 
sufficient  for  three  tests,  are  transferred  from  the  bottle  into  which  the  sample 
has  been  drawn  to  a  pint  flask  or  bottle,  which  is  to  be  immersed  in  water  arti- 
ficially cooled,  until  a  thermometer,  introduced  into  the  oil,  indicates  a  tempera- 
ture not  exceeding  50°  F. 

DIRECTIONS  FOR  PREPARING  AND  USING 
THE   TEST  APPARATUS. 

3.  Preparing  the  Water  Bath. — The  water  bath  is  filled  by  pouring  water  into 
the  funnel  until  it  begins  to  flow  out  at  the  overflow  pipe.  Tne  temperature  of 
the  water  at  the  commencement  of  each  test,  as  indicated  by  the  long-bulb 
tiiermometer,  b  to  be  130°  F.,  and  this  is  attained  in  the  first  instance  b}^  mixing 
hot  and  cold  water,  either  in  the  bath  or  in  a  vessel  from  which  the  bath  is  filled, 
until  the  thermometer  which  is  provided  for  testing  the  temperature  of  the  water 
eives  the  proper  indication ;  or  the  water  is  heated  by  means  of  a  spirit  lamp 
(which  is  attached  to  the  stand  of  the  apparatus)  until  the  required  temperature 
is  indicated. 

4.  Pzeparing  the  Test  Lamp. — ^The  test  lamp  is  fitted  with  a  piece  of  cylin- 
drical wide  of  such  thickness  that  it  fills  the  wick -holder,  but  may  readily  be 
moved  to  and  fro  for  the  purpose  of  adjusting  the  size  of  the  flame.  In  the  body 
of  the  lamp^  upon  the  wick,  which  is  coiled  within  it,  is  placed  a  srnaU  tuft  of 
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cotton  wool,  moistened  with  petroleum,  any  oil  not  absorbed  by  the  wool  being 
removed.  When  the  lamp  has  been  lighted,  the  wick  is  adjusted  by  means  of  a 
pair  of  forceps,  or  a  pin,  imtil  the  flame  is  the  size  of  the  bead  fixed  on  the  cover 
of  the  oil  cup ;  should  a  particular  test  occupy  so  lone  a  time  that  the  flame  begma 
to  get  smaller,  through  the  supply  of  oil  in  the  lamp  becoming  exhausted,  three  or 
four  drops  of  petroleum  are  allowed  to  fall  upon  the  tuft  of  wool  in  the  lamp  from 
the  dropping  bottle  or  pipette  provided  for  the  purpose.  This  can  be  safely  done 
without  interrupting  the  test. 

5.  Filling  the  Oil  Cup.— Before  the  oil  cup  is  filled,  the  lid  is  to  be  made 
ready  for  beins  placed  upon  the  cup^t.e.,  the  round-bulb  thermometer  is  to  be 
inserted  into  the  socket  (so  that  the  projecting  rim  of  the  collar  with  which  it  is 
fitted  touches  the  edge  of  the  socket),  and  the  test  lamp  is  to  be  placed  in  position. 
The  oil  cup,  having  been  previously  cooled  by  placing  it  bottom  downwards  in 
water  at  a  temperature  not  exceeding  50**  F.,  is  now  to  be  rapidly  wiped  dry, 
placed  on  a  level  surface  in  a  good  light,  and  the  oil  to  be  tested  is  poured  lu 
without  splashing  until  its  surface  is  level  with  the  point  of  the  gauge  which  is 
fitted  in  the  cup.  The  lid  is  then  put  on  the  cup  at  once,  and  pressed  down  so 
that  its  edge  rests  on  the  rim  of  the  cup. 

6.  Application  of  the  Test. — The  water  bath,  with  its  thermometer  in  position, 
is  placed  in  some  locality  where  it  is  not  exposed  to  currents  of  air,  and  where  the 
light  is  sufficiently  subdued  to  admit  of  the  size  of  the  entire  test-flame  being  com- 
pared with  that  of  the  bead  on  the  cover.  The  cup  is  carefully  lifted,  without 
shaking  it,  and  placed  in  the  bath,  the  test  lamp  is  lighted,  and  the  clockwork 
wound  up  by  turning  the  key.  The  thermometer  in  the  oil  cup  is  now  watched, 
and  when  the  temperature  has  reached  56°  F.  the  clockwork  is  set  in  motion  by 
pressing  the  trigger. 

If  no  flash  takes  place,  the  clockwork  is  at  once  re-wound,  and  the  trigger 
pressed  at  57°  F.,  ana  so  on,  at  every  degree  rise  of  temperature,  until  the  ftMh 
occurs,  or  until  a  temperature  of  95°  F.  has  been  reached. 

If  the  flash  takes  place  at  any  temperature  below  IT  F.,  the  temperature  at 
which  it  occurs  is  to  be  recorded.  The  iresh  portions  of  the  sample  are  then  to  be 
successively  tested  in  a  similar  manner  and  the  results  recorded.  If  no  greater 
diflerence  than  2°  F.  exists  between  any  two  of  the  three  recorded  results,  each 
result  is  to  be  corrected  for  atmospheric  pressure,  as  hereafter  described,  and  the 
average  of  the  three  corrected  results  is  the  flashing  point  of  the  sample.  In  the 
event  of  there  being  a  greater  difference  than  2°  F.  between  any  two  of  the  results, 
the  series  of  tests  is  to  be  rejected,  and  a  fresh  series  of  three  similarly  obtained, 
and  so  un  until  a  sufficiently  concordant  series  is  furnished,  when  the  results  are 
to  be  corrected  and  the  average  taken  in  the  manner  already  described. 

No  flash  which  takes  place  within  8""  of  the  temperature  at  which  the  testing 
is  commenced,  shall  be  accepted  as  the  true  flashing  point  of  the  sample  tested. 
In  the  event  of  a  flash  occurring  at  or  below  64°  when  the  test  is  applied  in  the 
manner  above  described,  the  next  testing  shall  be  commenced  10°  lower  than 
the  temperature  at  which  the  flash  had  been  previousl}r  obtained— that  is  to  say, 
at  54°  or  thereunder,  and  this  procedure  shall  be  continued  until  the  results  of 
three  consecutive  tests  do  not  show  a  greater  diflerence  than  2°. 

If  a  temperature  of  76°  F.  has  been  reached  without  a  flash  occurring,  the  appli- 
cation of  the  test  flame  is  to  be  continued  until  a  temperature  of  95°  F.  has  been 
reached.  If  no  flash  has  occurred  up  to  this  point,  and  if  the  petroleum  is  declared 
to  be  imported  subject  to  the  provisions  of  the  Act,^  the  tests  shall  not  be  con- 
tinued, and  the  testing  officer  shall  certify  that  the  petroleum  has  a  flashing  point 
of  over  95°  and  is  not  dangerous.  But  if  the  petroleum  is  oil  ordinarily  used  for 
lubricating  purposes,  and  is  declared  to  have  its  flashing  point  at  or  above  200% 
or  is  oil  to  which  a  notification  of  the  Governor  in  Executive  Council  exempting  it 
from  the  operation  of  the  Act  will  be  applicable  in  the  event  of  the  flashing  point 
being  found  to  be  at  or  above  120°,  the  test  shall  be  continued  as  follows : — The 
oil  cup  is  to  be  removed  from  the  water  bath,  and  the  temperature  of  the  water  m 
the  water  bath  is  to  be  reduced  to  95**  F.  by  pouring  cohi  water  into  the  funnel 

^  The  Indian  l*etroleum  Act  is  here  referred  to. 
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(the  hot  water  escaping  by  the  overflow  pipe).  The  air  chamber  is  then  to  be  filled 
to  a  depth  of  1^  inch  with  water  at  a  temperature  of  about  95°  F.,  the  oil  cup  is 
to  be  replaced  in  the  water  bath,  and  the  spirit  lamp,  attached  to  the  water  bath, 
is  to  be  lighted  and  placed  underneath.  The  test-flame  is  then  to  be  asain  applied 
from  96**  F. ,  at  every  degree  rise  of  temperature  as  indicated  by  the  thermometer 
in  the  oil  cup,  until  a  flash  takes  place,  or  until  a  temperature  of  200**  F.  or  120**  F., 
as  the  case  may  be,  has  been  reached.  If,  during  this  operation,  the  test-flame 
appears  to  diminish  in  size,  the  lamp  is  to  be  replenished  in  the  manner  prescribed 
(at  4)  without  interrupting  the  test. 

If  a  flash  occurs  at  any  temperature  between  76**  and  2(X)°  F.,  the  temperature 
at  which  it  occurs,  subject  to  correction  for  atmospheric  pressure,  is  the  flashing 
point  of  the  sample. 

In  repeating  a  test,  a  fresh  sample  of  oil  must  always  be  used,  the  tested  sample 
being  thrown  away,  and  the  cup  must  be  wiped  dry  from  any  adhering  oil,  and 
cooled,  as  already  described,  before  receiving  the  fresh  sample. 

7.  Correction  for  Atmospheric  Pressure. — As  the  flasning  point  of  an  oil  is 
influenced  by  changes  in  atmospheric  pressure  to  an  average  extent  of  I'fl"  F.  for 
every  inch  of  the  barometer,  a  correction  of  the  observed  flashing  point  may  become 
necessary.  The  height  of  the  barometer  must,  therefore,  be  determined  at  the 
time  of  making  the  test  for  the  flashing  point.  An  aneroid  barometer  is  supplied 
for  this  purpose.  To  facilitate  the  correction  of  a  flashing  point  for  pressure,  a 
table  is  appended,  giving  flashing  points  of  oils  ranging  from  65°  to  80  F.,  under 
pressures  ranging  from  27  to  31  incnes  of  mercury. 

The  table  is  used  in  the  following  manner : — 

Example. — An  oil  has  given  a  flashing  point  of  71°,  the  barometer  being  at  28 '6; 
take  the  nearest  number  to  IV  in  the  vertical  column  headed  28*6.  This  number 
is  70*8.  Substitute  for  this  the  number  in  the  same  horizontal  line  in  the  column 
headed  30  (the  normal  height  of  the  barometer).  The  substituted  number— i.e., 
the  true  flashing  point  of  the  oil — is  73°. 

Legislation  in  India. — An  amendment  to  the  Indian  Petroleum 
Act  of  1886,  made  in  1890,  with  the  object  of  eliminating  the  source 
of  the  discrepancies  referred  to,  will  be  found  in  the  section 
dealing  with  Legislation.  The  clockwork  form  of  the  instrument 
has  been  adopted  in  that  country.  Since  the  Abel  test  was  legalised 
in  India,  it  has  been  found  necessary  to  determine  the  flashing  point 
of  Burma  crude  petroleum,  which  is  solid  at  common  temperatures. 
In  testing  this  oil  in  the  Abel  instrument,  evolution  of  vapour 
commences  while  the  bulk  of  the  oil  in  the  cup  remains  solid,  and 
the  thermometer  therefore  does  not  indicate  the  temperature 
of  the  oil  in  contact  with  the  walls  of  the  cup  from  which  vapour 
is  being  evolved.  To  meet  this  difliculty,  the  author  suggested  the 
iiddition  of  a  delicate  thermometer,  which  is  fixed  in  the  cover  of 
the  oil  cup  in  a  vertical  position,  so  that  the  small  cylindrical  bulb 
is  just  immersed  in  the  oil,  and  is  distant  only  a  tenth  of  an  inch 
from  the  side  of  the  cup.  This  modification  was  favourably  reported 
upon  by  Sir  Frederick  Abel. 

Use  of  Abel  Test  in  other  Countries. — The  various  countries 
where  the  Abel  tester  in  its  original  and  modified  forms  are  in  use, 
and  the  respective  minimum  flashing  points  prescribed,  are  also  given 
under  Legislation. 

The  Abel-Pensky  Instrument. — In  1880,  the  subject  of  petroleum 
testing  was  investigated  in  Germany  on  behalf  of  the  Government, 
and  the  Abel  instrument  was  selected  as  the  best,  but,  as  exception 
was  taken  to  the  personal  error  liable  to  be  introduced  by  the  method 
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of  ^)pl7ing  the  test-flame,  the  modification  devised  by  Pensky,  of 
Beriin,  waa  adopted.  The  improve oient  consists  in  effecting  the 
morement  of  the  slide  and  applicfttion  of  the  test-flame  by  a  clock- 
work arrangement,  which  ensures  uniformity,  A  section  of  the 
initrument — which  in  all  other  respects  is  practically  identical  with 
the    ordinary   Abel  apparatus — and    the    details    of   the    clockwork 


Fig.  206. 

,  are  shown  in  Figs.  206  and  307,  which  also  give  the 
dimensions  in  millimetres. 

The  slide,  S,  pivoted  on  the  centre,  z,  is  set  in  motion  by  the  arm,  d, 
moring  on  a  central  axis.     This  arm  carries  on  its  under  side  two  pins, 
4^,  e^    When   the   slide  is  in   its  normal   position — i.e,,  closing  the 
e  of  the  pins,  e,,  rests  against  the  steel  plate,  ^ 
)  side  of  the  slide,  and  the  other,  e^  is  held  by  the 
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!ntch  g.  On  the  axis  of  the  arm  d  ia  iaatened  the  spring-case  » 
coataining  a  spiral  apriiig. 

'-  To  wind  up  ths  clockwork,  the  kaob  b  is  turned  half  round,  further 
windii^  being  prevented  by  a  stop.  To  move  the  slide,  the  trigger  k  is 
pushed  towards  the  spring  h,  the  cateh  g  being  thus  drawn  bftck  Mid 
the  pin  e^  released.     The  spiral  spring  uawindi  and  presiea  the  other 


Fig.  207. 


pin,  01,  against  the  slide  S,  moving  this  slide  aside  to  the  lefi  and 
uncovering  the  apertures.  As  soon  as  the  pin  «,  is  carried  by  the 
TBvolotion  of  the  arm  d  past  the  steel  plate/,  the  slide  is  forced  back 
to  its  former  position  hy  the  spring  r,  and  the  pin  e^  is  stoj^arf  by  the 
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catch  g^  which  returns  it  to  its  original  place  as  the  trigger  h  is  released. 
These  movements  are  repeated  every  time  the  test  is  applied.  The 
uncoiling  of  the  spiral  spring  and  movement  of  the  slide,  are  regulated 
by  the  escapement,  mnp.  The  three  holes  in  the  lid  of  the  oil  cup, 
and  the  two  holes  in  the  slide  (the  lateral  movement  of  the  slide 
uncovering  and  covering  the  third  hole  in  the  lid)  are  of  the  same 
dimensions  as  those  in  the  Abel  instrument,  but  not  quite  the  same 
shape,  on  account  of  the  circular  motion  of  the  slide.  The  lamp  is 
tipped  by  a  nosepiece,  n,  and  on  its  return  to  the  perpendicular,  is 
prevented  from  swinging  backwards  by  a  stop,  v. 

The  Abel-Pensky  apparatus,  as  used  in  Germany,  furnishes  results 
about  3°  F.  higher  than  those  given  by  the  Abel  instrument,  but  the 
clockwork  modification  employed  in  India  is  standardised  to  afford 
fiashiug  points  corresponding  with  those  obtained  with  the  original 
Abel  instrument. 

Direotions  for  the  Use  of  the  Instminent. — The  following 
is  the  method  of  applying  the  Abel-Pensky  test  prescribed  in 
Germany^: — 

The  testing  should  be  carried  out  in  an  apartment  of  medium  tem- 
perature and  free  from  draughts.  The  petroleum  samples  should  be 
in  closed  vessels  and  have  been  long  enough  in  the  room  to  have 
acquired  the  same  temperature,  otherwise  the  tests  will  not  be  satis- 
factory. 

The  height  of  the  barometer  must  be  observed  before  commencing 
operations,  and  the  temperature  at  which  the  test  is  to  be  first  applied 
varies  with  the  pressure  indicated,  according  to  the  following  table : — 

Height  of  Barometer.  First  Test  applied  at 

685  to  695  millimetreB, +  14**  C. 

695  to  705           „  14" 

705  to  715          „  14-5° 

715  to  725          „  IS** 

725  to  735           „  IS-S'* 

735  to  746          „  16** 


745  to  755  „  16-5' 


755  to  765  "  17" 


765  to  775  „  17" 

775  to  785  „  17-6" 

If  the  barometer  varies  from  the  normal  pressure  of  760  mm.  by  more 
than  2\  mm.  either  way,  the  actual  flashing  point  observed  is  cor- 
rected in  accordance  with  Table  LXI.  The  table  being  arranged  for 
intervals  of  5  mm.,  intermediate  pressures  are  counted  as  0  or  5, 
according  to  the  figure  which  they  most  nearly  approach — viz.,  742 
counts  as  740,  743  as  745,  and  so  on.  The  insti-ument  must  be  set 
level  on  the  testing  table,  with  the  aid  of  a  spirit-level  or  plumb-line, 
before  it  is  filled,  and  it  should  be  at  such  a  height  that  the  red  mark 
on  the  water  bath  thermometer  is  on  a  level  with  the  eye  of  the 
operator.  The  bath  is  next  filled  with  water  at  -f  50'  to  52"  0.  until 
a  portion  runs  out  through  the  overflow  pipe,  to  which  an  indiarubber 

^  Vorschriften  httreffend  den  Ahdachen  PttroUumprober  und  seine  Anwenduny, 
Berlin,  1883. 
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tube  should  be  attached  to  convey  the  surplus  water  away  without 
splashing  the  apparatus  or  table.  If  cold  water  is  used  for  filling  the 
bath,  it  must  be  warmed  by  the  heating  lamp  before  putting  in  the 
oil  cup,  care  being  taken  that  the  base  ring  does  not  get  overheated. 
The  test  lamp  is  prepared  for  use  by  being  packed  with  loose  cotton 
wool,  which  is  then  saturated  with  petroleum,  any  surplus  being 
poured  out.  If  this  is  not  attended  to,  the  tipping  of  the  lamp  at  the 
moment  of  applying  the  test  might  cause  drops  of  oil  to  fall  on  to  the 
lid  of  the  tester  and  vitiate  the  results.  The  wick  must  also  be  cleansed 
from  any  adherent  incrustation  or  char.  The  oil  cup,  with  its  cover  and 
thermometer,  are  to  be  thoroughly  clean  and  dry,  and  all  traces  of  oil  from 
preceding  tests  are  to  be  removed  by  drying  and  absorption.  Finally, 
the  petroleum  to  be  tested,  if  not  at  least  2°  cooler  than  the  lowest  of  the 
temperatures  recorded  in  the  foregoing  table,  must  be  cooled  down  to 
that  point,  together  with  the  oil  cup,  the  latter  being  dipped  into  cold 
water.  To  obtain  very  exact  results,  it  is  advisable  to  use  water  cooled 
to  +11"  C.  for  this  purpose,  and  to  keep  the  oil  cup  in  it  long  enough 
for  proper  cooling.  Before  inserting  the  oil  cup,  the  water  bath  is 
heated  up  to  54**  to  55"  0.,  the  temperature  indicated  by  the  red  mark 
on  the  thermometer  scale.  Meanwhile,  the  oil  is  poured  into  the  oil 
cup  by  means  of  the  pipette,  until  the  extreme  point  of  the  indicator 
just  projects  above  the  surface  of  the  liquid.  It  is  important  that  this 
limit  should  not  be  exceeded,  but  if  this  should  happen,  the  cup  must 
be  emptied,  dried  carefully,  and  refilled.  Any  bubbles  forming  on  the 
surface  of  the  oil  must  be  dissipated  by  pricking  with  the  warm  charred 
point  of  a  burnt-out  match.  The  table  on  which  the  cup  stands  during 
the  operation  of  filling,  should  be  perfectly  horizontal  and  quite  near 
to  the  water  bath,  to  minimise  the  risk  of  tilting  or  shaking  the  cup. 
The  oil  is  poured  into  the  cenfre  of  the  cup  and  not  against  the  sides, 
and  to  prevent  bubbles,  the  nozzle  of  the  pipette  should  be  kept  below 
the  surface  of  the  liquid.  The  utmost  exactness  is  obtained  by  slowly 
adding  the  oil  by  a  pipette  until  the  point  of  the  indicator  is  just  about 
to  disappear  under  the  surface  of  the  liquid,  and  then  removing  the 
excess  by  the  insertion  of  a  small  pipette.  Bubbles  formed  by  empty- 
ing the  cup  may  be  removed  on  refilling,  by  a  warm  metallic  point  or 
a  charred  match.  The  lid  of  the  cup  is  put  on  directly  after  pouring 
in  the  oil,  the  thermometer  being  previously  inserted  in  its  socket,  and 
pressed  down  tightly,  avoiding  contact  between  the  ebonite  plate 
under  the  clockwork  and  the  knobs,  K,  on  the  bath,  as  this  would 
prevent  the  lid  from  fitting  properly.  The  insertion  of  the  oil  cup 
into  the  bath  must  be  done  without  tilting  or  shaking,  and  to  avoid 
the  risk  of  this,  the  cup,  previously  cooled  by  ice  and  water  to  8"  C, 
(to  prevent  the  oil  getting  warm  while  filling),  may  be  put  into  position 
before  filling.  Should  the  water  bath  be  at  a  higher  temperature  than 
54°  to  55**,  it  must  be  cooled  by  the  addition  of  cold  water,  and  when 
that  degree  is  reached,  the  lamp  is  extinguished. 

When  the  oil  approaches  the  temperature  at  which  the  first  test  is 
to  be  applied,  in  accordance  with  the  foregoing  table,  the  test  lamp  is 
lighted  and  the  flame  adjusted  until,  when  viewed  from  the  front,  it  is 
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of  the  same  width  as  the  white  bead  on  the  lid.  This  is  important,  as 
the  size  of  the  flame  has  an  influence  on  the  flashing  temperature.  The 
clockwork  is  then  wound  up  by  turning  the  milled  head  as  far  as  it 
will  go  in  the  direction  indicated  by  the  arrow.  On  releasing  the 
catch  by  pressing  on  the  trigger,  the  slide  slowly  and  regularly  moves 
aside,  and  at  the  end  of  two  seconds  has  returned  to  its  original  posi- 
tion. During  the  movement  of  the  slide,  the  behaviour  of  the  test- 
flame  as  it  approaches  the  surface  of  the  oil  must  be  carefully  observed, 
particular  attention  being  directed  to  sheltering  the  apparatus  from  all 
draughts  and  from  the  breath  of  the  operator.  This  is  facilitated  by 
the  provision  of  a  glass  plate  fixed  to  the  draw-out  side  of  the  case 
containing  the  apparatus.  The  test  is  to  be  repeated  at  every  ^ 
rise  of  the  thermometer  until  a  flash  is  obtained.  Before  the 
absolute  flashing  point  is  reached,  the  size  of  the  test-flame  will  be 
observed  to  increase  by  a  kind  of  halo  when  dipped  towards  the  oil, 
but  the  true  flash  is  a  bluish,  lightning-like  flame  extending  over  the 
whole  free  surface  of  the  oil.  The  temperature  indicated  by  the  ther- 
mometer is  subject  to  correction,  both  as  regards  barometric  pressure 
and  error,  if  any,  of  the  thermometer  itself,  according  to  the  variation 
ascertained  on  standardising  the  instrument.  The  test  is  repeated 
with  a  fresh  portion  of  the  same  oil,  after  cooling  the  oil  cup  and  lid, 
drying  and  freeing  them,  as  well  as  the  thermometer,  from  all  adherent 
drops  of  oil,  and  reheating  the  bath  to  55*  C. 

If  the  result  of  the  second  test  agrees  with  the  first  within  ^°,  the 
average  is  taken  as  the  apparent  flashing  point.  If,  however,  the 
diflerence  is  1^  or  more,  a  third  test  is  necessary;  and  provided  the 
results  of  the  three  do  not  difl*er  more  than  1^°,  the  average  is  taken. 
In  case  of  a  greater  divergence,  a  fresh  set  of  tests  must  be  made.  In 
the  case  of  oils  flashing  at  the  first  application  of  the  test-flame,  the 
acttial  flashing  point  may  be  higher  than  is  indicated  by  the  thermo- 
meter, the  accumulation  of  vapour  in  the  oil  cup  causing  the  flash 
to  occur  sooner  than  it  would  under  ordinary  circumstances.  If  it  is 
desired  to  accurately  test  such  oils,  the  operation  is  begun  at  a  lower 
temperature  than  usual,  and  repeated  at  lower  degrees  until  no  flash 
is  produced  on  first  opening  the  slide. 

The  apparent  flashing  points  must  be  corrected  for  pressure,  accord- 
ing to  Table  LXI.,  by  finding  the  observed  flashing  point  in  the 
column  headed  by  the  existing  height  of  the  barometer,  and  proceeding 
in  the  same  row  to  the  column  headed  760,  which  will  show  the  actual 
flashing  point  at  normal  pressure.  Fractions  between  the  figures  given 
in  the  table  are  to  be  counted  as  the  figure  to  which  they  most  nearly 
approach.  Any  error  recorded  by  the  standardiser  of  the  apparatus 
must  be  corrected  before  applying  the  correction  in  the  table. 

The  Standardising  of  the  Abel-Pensky  Instrument. — By  an 
order  of  the  Imperial  Chancellor,  dated  21st  July,  1882,  the  Kaiserliclte 
Normal- Aichungs-KoTrimiaaion  was  empowered  to  standardise  and  stamp 
instruments  for  testing  petroleum,  particular  attention  being  devoted 
to  the  following  points  : — 
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(a)  The  dimensions  of  the  apparatus. 

(6)  The  accurate  timing  of  the  slide  movement. 

{e)  The  accuracy  of  the  thermometer. 

id)  The  correctness  of  the  flashing  points  indicated  by  the  apparatus. 

(«)  The  accuracy  of  the  metallic  urometer  supplied  with  the  instrument. 

The  examination  of  the  thermometers  should  not  take  place  until 
they  have  been  delivered. 

In  verifying  the  dimensions  of  the  apparatus,  the  following  variations 
from  the  exact  standard  are  allowed  in : — 

Millimetres. 

The  thickness  of  the  metal  plates, 0*2 

The  diameter  of  the  lamp  spout, 0  2 

The  distance  of  the  point  of  the  filling  indicator  from  the 

upper  edge  of  the  cup,       .        .        .  .        .        .        0*5 

The  distance  from  the  lower  comer  of  the  inside  of  the  lamp 
spout  to  the  upper  face  of  the  cup  lid  when  the  lamp  is 

fuU^  tipped, 0*5 

The  thickness  of  the  ebonite  ring, 0*5 

The  inside  diameter  and  height  of  the  oil  cup ;  the  width  of 
the  brass  ring;  its  distance  from  the  upper  edge  of  the 
cup ;  the  distance  of  the  axis  of  the  slide  from  the  centre 
of  the  cup  lid  and  the  centre  of  the  three  apertures ;  the 
diameter  of  the  bead ;  and  the  dimensions  of  the  tube  for 
the  insertion  of  the  thermometer,  ti,  .  .  .  .  1  '0 
The  distance  of  the  centre  of  the  bulb  of  the  thermometer,  <\ 
from  the  end  of  the  sheathing  tube  and  from  the  under- 
side of  the  cup  lid, 1  *0 

The  dimensions  of  the  water  bath,  and  of  the  outer  cylinder; 
the  width  of  the  ebonite  ring  on  the  bath ;  and  the  distance 
of  the  lowest  mark  on  the  scale  of  either  thermometer  from 
the  enlargement  on  the  tube, 2*0 

The  variation  of  time  allowed  for  the  slide  movement  is  0*2  second 
over  or  under  the  prescribed  standard.  The  thermometer,  t^,  may  not 
vary  from  the  normal  instrument  more  than  0*2*'  C.  when  tested  in 
four  places  on  the  scale,  and  the  thermometer,  ^2»  ^^^  more  than  0*5''  0. 
when  tested  in  two  places.  Furthermore,  successive  portions  of  the 
same  sample  of  oil,  consecutively  examined,  should  not  show  a  greater 
divergence  of  flashing  point  than  O-TS"  C,  and  the  average  of  five  or 
seven  such  tests  should  not  differ  from  the  average  of  the  same  recorded 
by  the  standard  by  more  than  0'5°  C,  an  oil  approximating  to  the 
standard  flashing  point  being  used  for  the  experiment.  The  metallic 
barometer  belonging  to  the  apparatus  should  not  differ  more  thaa 
2  millimetres  from  the  standard  at  the  ordinary  room  temperature. 
It  must  be  examined  with  a  view  to  ascertaining  the  influence  of 
sudden  alterations  of  pressure  or  continued  shaking  of  the  instrument 
on  its  accuracy  between  the  limits  of  680  and  790  mm.  The  instru- 
ments which  satisfy  the  tests  imposed,  are  stamped  by  the  Normal- 
Aichungs-Kom mission  on  all  the  removable  portions,  and  the  amount 
of  variation  or  error  of  flashing  point  to  be  allowed  for  is  indicated. 
The  makers  name,  the  number  of  the  instrument,  and  the  year  of 
examination  are  included  in  the  stamping,  and  all  the  particulars  are 
inscribed  on  a  certificate  issued  by  the  standardiser,  together  with  the 
following  measurements : — 
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(a)  Distance  of  the  point  of  the  filling  indicator  from  the  upper  edge 
of  the  oil  cup. 

(b)  Distance  of  the  lowest  inside  point  of  the  lamp  spout  from  the 
under  surface  of  the  cup  lid  when  the  lamp  is  fully  tilted. 

(c)  Distance  of  the  central  point  of  the  oil-thermometer  bulb  from 
the  under  surface  of  the  cup  lid. 

To  guard  against  any  alteration  on  these  points  subsequent  to  stan- 
dardising, the  Aichungs-Kom mission  send  out  with  each  apparatus 
examined,  a  stamped  gauge  consisting  of  a  rectangular  steel  plate,  on 
one  side  of  which  is  a  projection  for  controlling  the  measurement,  a ; 
on  another  a  second  projection  bounded  by  two  flu  tings,  to  measure,  b, 
and  furnished  with  a  projecting  stud  on  one  of  its  flat  surfaces  for 
gauging,  c.  To  examine  a,  the  gauge  is  applied  to  the  edge  of  the  oil 
cup  so  that  the  projection  hangs  down  inside  and  the  mark  on  it  is 
touched  by  the  point  of  the  filling  mark.  For  the  second  verification, 
b,  the  clockwork  is  set  in  motion,  and  the  apertures  in  the  lid  are 
wedged  open  so  that  the  mouth  of  the  lamp  is  at  its  lowest  point.  The 
gauge  is  then  applied  under  the  lid,  and  the  lower  inside  comer  of  the 
spout  should  coincide  with  the  end  of  the  smaller  projection.  For 
examining  c,  the  side  of  the  gauge  opposite  to  the  smaller  projection 
used  for  b  is  applied  to  the  under  side  of  the  lid,  when  the  stud  should 
exactly  touch  the  middle  of  the  bulb  of  the  thermometer.  The  length 
of  the  lamp  spout  can  also  be  veriGed,  a  mark  cut  at  right  angles  to 
the  plain  side  of  the  gauge  showing  the  exact  size.  The  edge  of  the 
spout  mouth  should  coincide  with  the  mark ;  and  should  either  the 
top  or  bottom  corner  fail  to  do  so,  the  apparatus  is  out  of  adjustment. 

Braiin's  Modification. — In  1882,  Braun  of  Berlin  patented  the 
application  of  a  magnetic  peudulum  arrangement  for  applying  the  test 
flame  in  the  Abel  apparatus. 

The  Use  of  a  Stirrer  in  the  Oil  Cup.— In  1881,  Engler  and 
Haas  made  a  number  of  experiments  with  the  Abel  and  other  instru- 
ments, and  came  to  the  conclusion  that  the  provision  of  a  stirrer  in 
the  oil  cup  was  desirable.  Victor  Meyer  had  previously  expressed  the 
same  opinion.  In  the  Abel  apparatus,  a  stratum  of  vapour  is  formed 
upon  the  surface  of  the  oil,  and  the  temperature  of  the  oil  is  not  uni- 
form throughout.  It  is,  therefore,  necessary  that  the  dimensions  of 
the  air  space  above  the  oil,  the  depth  to  which  the  test-flame  is  inserted, 
the  size  of  the  orifices  in  the  cover,  the  position  of  the  thermometer 
bulb,  and  other  particulars  should  be  defined  with  greater  accuracy 
than  would  probably  be  necessary  if  a  stirrer  were  added ;  but  experi- 
ence has  shown  that  the  Abel  instrument  can  be  readily  standardised, 
and  any  number  of  instruments  can  thus  be  constructed  to  give  con- 
cordant results  if  used  with  a  reasonable  amount  of  care.  The  addition 
of  a  stirrer,  both  for  the  vapour  and  for  the  oil,  is  no  doubt  desirable 
when  the  Abel  instrument  in  its  original  or  modified  form  is  applied  to 
the  testing  of  oils  of  high  flashing  point,  such  as  lubricating  oils,  but  Dr. 
Engler  and  Dr.  Bunte  have  expressed  to  the  author  their  concurrence 
in  his  view  that  it  is  not  requisite  when  the  instrument  is  employed 
in  testing  kerosene. 
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Iietheby's  Eleotrio  Tester. — In  addition  to  the  Saybolt  electric 
tester,  several  others  in  which  ignition  of  the  oil  vapour  is  produced 
by  an  electric  spark  are  and  have  been  in  use.  As  early  as  1870  the 
author  saw  a  closed  tester  with  an  electric  spark  igniting  arrangement, 
in  use  by  the  late  Dr.  Letheby  in  the  laboratory  of  the  London  Hos- 
pital. The  oil  cup  was  of  glass,  and  had  a  hinged  metal  cover  which 
was  blown  open  on  ignition  of  the  vapour. 

Pease's  Eleotrio  Tester. — In  Pease's  closed  tester  (Fig.  208),  the 
vapour  is  ignited  by  an  electric  spark  passing  between  wires,  0,  above 
the  oil  in  the  cup,  £,  which  rests  in  a  water  bath,  A. 

Engler's  Eleotrio  Tester. — In  Dr.  Engler's  closed  cup  electric 
tester^  (Figs.  209  to  211),  the  copper  water  bath,  A,  which  is  heated 
by  a  lamp,  £,  is  15  centimetres  in  diameter  at  the  top,  18  at  the  bottom^ 
and  15  centimetres  high,  including  the  feet.  It  carries  a  perforated 
plate,  4  centimetres  from  the  top,  supporting  a  cylindrical  glass  water 
bath,  C,  10  centimetres  wide  and  12  to  14  centimetres  high.  The  bath^ 
0,  which  has  a  mark  to  indicate  the  proper  height  of  the  water,  and  is 
provided  with  a  lid,  m,  and  a  thermometer,  n,  contains  the  glass  oil 
cup,  D,  10  centimetres  high  and  5^  centimetres  in  internal  diameter. 
The  oil  cup  has  a  lid,  o  (Fig.  211),  which  is  not  fixed  very  tightly,  in 
order  that  it  may  be  blown  oft*  without  injuring  the  apparatus  in  case 
of  an  unusually  strong  explosion.  It  l»as  a  stirrer,  p^  with  a  handle,  q^ 
and  a  thermometer,  r,  and  is  further  fitted  with  two  wires,  <,  t,  connected 
with  an  induction  coil  and  terminating,  inside  the  cup,  in  platinum 
points  1  millimetre  apart  and  from  ^  to  |  centimetre  above  the  surface 
of  the  oil.  Ebonite  insulators,  it,  prevent  short-circuiting  through  the 
lid,  o.  A  chromate  battery  and  small  induction  coil  capable  of  pro- 
ducing sparks  from  2  to  3  millimetres  in  length  are  used.  Hinged 
flaps,  «,  cover  openings  in  the  lid,  o. 

Directions  for  Use. — In  testing  an  oil,  the  water  baths  are  filled 
with  water,  and  the  oil  cup  to  a  mark  with  the  oil.  When  the  oil  cup 
is  in  place,  the  water  in  the  bath,  C,  reaches  to  within  1  centimetre  of 
the  top.  The  spirit  lamp  being  lighted,  the  temperature  of  the  oil 
gradually  rises,  a  rapid  increase  of  temperature  being  prevented  by  the 
use  of  the  two  water  baths,  so  that  the  size  of  the  heating  flame  makes 
little  diiference  in  the  rate  of  progression.  The  difierence  between  the 
water  and  oil  thermometers  should  not  exceed  5**  C.  At  about  20"  C,  the 
spark  is  passed,  during  ^  to  1  second,  and  this  is  repeated  at  each  rise 
of  V  until  the  flashing  point  is  reached,  when  the  explosion  produced 
blows  open  the  hinged  flaps,  8,  8,  A  few  precautions  are  necessary  to 
ensure  accuracy.  Between  the  applications  of  the  spark,  the  stirrer 
should  be  rotated  a  few  times,  but  very  carefully  in  order  to  avoid 
splashing  the  platinum  electrodes.  When  the  apparatus  is  used  several 
times  in  succession,  fresh  water  must  be  poured  into  the  upper  water 
bath,  refilling  of  the  lower  bath  being  unnecessary,  as  not  affecting  the 
results.  If  a  difiiculty  is  experienced  in  getting  the  spark  to  pass 
freely,  this  is  generally  found  to  be  due  to  one  of  two  causes.     Either 
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the  apparatus  has  been  brought  from  a  cold  to  a  warm  room,  and  a 
deposit  of  moisture  has  occurred  on  the  electrodes,  which  can  be  re- 
moved by  standing  the  instrnmetit  in  a  warm  place  for  a  short  time ; 
OF  the  points  have  become  dirty  from  constant  use,  in  wbich  case  they 
must  be  cleaned  with  sand^paper  or  a  file.  The  current  should  be 
strong  enough  to  give  a  good  spark  when  the  jKiints  are  1  mm.  apart, 
but  not  BO  [Mwerful  as  to  short-circuit  through  the  metallic  lid  of  the 
apparatus. 

Heiunann'a  Modifloation. — In  a  modification  of  the  Engler  instru- 
ment introduced  by  Heumann, 
the  stirrer  acts  upon  the  vapour 
in  the  oil  cup  as  well  as  upon 
the  oil,*  and  a  gas  flame  is  sub- 
stituted for  the  electric  spark. 
The  following  is  a  description 
of  the  apparatus: — In  Fig. 
212,  a  is  a  glass  oil  cup,  with 
a  base,  g,  forming  a  support 
for  the  stirrer;  b,  the  metal 
water  bath;  c,  the  stirrer;  (, 
the  thermometer ;  and  d,  the 
test-flame.  This  flame  is  sui>- 
plied  with  gas  at  k,  through 
an  ui)right  tube,  i,  and  can  be 
brought  into  contact  with  the 
oil  vapour  by  depressing  the 
tube.  On  being  released,  the 
tube  is  returned  to  its  former 
position  by  the  action  of  a 
spring,  /  The  cup  lid  is  fitted 
with  hinged  flaps,  as  in  the 
Engler  instruments  The  teat- 
flame  is  applied  at  each  degree 
until  the  lid-Qaps  are  thrown 
open  by  the  flash.  Results 
Fig.  212.  agreeing  within  ^°  C.  are  ob- 

Viotor  Meyer's  IiiBtruineiit. — In  Victor  Meyer's  method  of  de- 
termining the  flashing  point,  the  oil  is  contained  in  a  corked  cylinder 
which  is  placed  in  a  water  bath.  When  the  expected  flashing  point  is 
approached— the  temperature  being  indicated  by  a,  thermometer  passed 
through  the  cork — the  cylinder  is  removed,  quickly  shaken,  allowed 
to  stand  until  the  froth  lias  broken,  then  opened,  and  a  small  gas  flame 
applied  to  the  mouth.  If  the  mixture  of  air  and  oil  vapour  explodes, 
the  experiment  is  repeated  at  lower  temperatures,  with  1°  C.  difference 
between  the  tests.  If  no  explosion  occurs,  the  experiment  is  similarly 
repeated  at  higher  temperaturea. 

<  i>i«  Ckemitchc  In-Jwttrie,  1884,  vL,  and  Post's  Chemitche-ttchaiKhe  Ana'yit, 
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Haas's  Modiflcation. — An  improvement  on  Victor  Meyer's  method, 
introduced  by  Haas,  has  been  described.^  The  oil  cup  is  a  vertical  glass 
cylinder  with  a  hinged  copper  lid  A  knob  fixed  in  the  lid  is  traversed 
by  a  capillary  channel,  to  relieve  the  internal  pressure.  Two  platinum 
wires  passing  through  the  sides  of  the  cup,  and  separated  at  the  ter- 
minals by  a  distance  of  1  millimetre,  are  connected  outside  the  cup, 
with  two  copper  wires  passing  to  metal  plates  on  opposite  sides  of  the 
bottom  of  the  cup.  To  ensure  a  constant  temperature,  the  oil  cup  is 
enclosed  in  an  outer  cylinder  resting  on  the  base  of  the  oil  cup,  and 
fastened  above  by  catches  in  a  sliding  ring.  The  heat  is  applied  by 
an  air  bath  having  an  earthenware  cover,  and  fitted  with  a  rack-work 
arrangement  for  raising  and  lowering  the  oil  cup  to  vary  the  tempera- 
ture. A  chromate  battery  is  used,  and  the  arrangements  are  such  that 
connection  is  made  by  placing  the  oil  cup  with  its  bottom  plates  on  a 
pair  of  terminals. 

Directions  for  Use. — The  oil  cup  is  filled  up  to  the  mark  with  the 
oil  to  be  tested,  and,  enclosed  in  its  jacket,  is  placed  in  the  previously 
warmed  air  bath.  The  temperature  is  then  caused  to  rise  gradually, 
by  adjusting  the  lamp  and  the  depth  of  immersion  of  the  oil  cup  in 
the  air  bath,  so  that  the  difference  between  the  air  and  oil  thermo- 
meters is  only  5°  0.  at  most.  When  the  requisite  temperature  is 
attained,  the  oil  cup,  with  its  jacket,  is  removed,  shaken  about  ten 
times  (closing  the  hole  in  the  knob  with  the  finger),  and  placed  on 
the  terminals,  the  temperature  being  noted.  After  waiting  for  the 
bubbles  to  subside,  and  another  minute  for  the  spray  to  settle,  contact 
is  made  and  the  spark  passed  during  one  second.  The  process  is  re- 
peated until  the  lid  is  thrown  open  by  the  occurrence  of  an  explosion. 
Experiments  show  that  variations  in  the  rate  of  heating,  the  strength 
of  the  current,  and  the  length  and  duration  of  the  spark,  only  affect 
the  results  when  carried  to  extremes.  The  size  of  the  instrument,  the 
quantity  of  oil,  and  the  distance  of  the  platinum  points  from  the  sur- 
face of  the  oil,  are  also  without  effect  on  the  results. 

The  Abel  instrument  was  by  no  means  the  first  close-test  apparatus 
devised,  but  it  has  been  convenient  to  consider  both  it  and  certain 
other  forms,  in  describing  the  development  of  petroleum  legislation  in 
this  country  and  on  the  Continent. 

Tagliabue's  Closed  Tester. — ^As  early  as  1862,Tagliabue  patented 
in  America  a  "  coal-oil  pyrometer,"  for  use  either  as  a  closed  cup  to 
determine  the  flashing  point,  or  as  an  open  cup  for  ascertaining  the 
igniting  point  of  the  oil.  The  apparatus  is  shown  in  Figs.  213  and 
214,  the  upper  portion  of  Fig.  214  showing  the  cover  of  the  instrument 
illustrated  in  Fig.  213,  while  the  larger  illustration  in  Fig.  214  shows 
a  simpler  form  of  the  apparatus.  The  cylindrical  water  bath  is  sup- 
ported by  a  metal  stand  having  an  aperture  near  the  bottom  for  the 
introduction  of  a  small  spirit  lamp.  The  vapour  disengaged  from  the 
oil  by  the  application  of  heat,  mixes  with  atmospheric  air  admitted 
through  perforations  in  the  lid,  and  an  explosive  mixture  is  thus 
formed,  which  ascends  into  the  dome.     The  flashing  point  of  the  oil  is 

1  Zeits,/,  anal,  ChemU,  1880,  xx.,  29. 
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MoerttuDcd  by  the  inaertion  of  &  lighted  taper  or  match  into  an  opening 
in  the  dome,  &t  interrala,  until  a  siigLt  eicplosion  occurs.  To  determinft 
the  igniting  point  of  the  oil,  the  cup  is  opened  by  partially  revolving 
the  cover,  and  the  teat-flame  is  held  for  one  or  two  seconds  in  con- 
tact with  the  escaping  vapour. 

Directions  for  Use. — Remove  the  cover,  a,  of  the  instrument  by 
turning  it  until  the  vertical  slots  come  into  position  to  allow  of  ite 
being  taken  off,  take  out  the  oil  cup,  fill  the  out«r  vessel  with  water  to 
a  distanco  of  within  2  inches  from  the  top,  replace  the  oil  cup  and  fill 
it  with  the  oil  to  be  tested  to 
within  ^  inch  from  the  top, 
replace  and  secure  the  cover 
in  position,  supply  the  lamp 
with  alcohol  and  trim  the  wick 
to  give  a  small  flame,  light  it 
and  place  it  under  the  water 
bath.  The  mercury  in  the 
thermometer  will  soon  begin 
to  rise;  watch  this  cnrefully 
until  it  approaches  to  within 
about  20°  of  the  temperature 
at  which  the  oil  is  expected  to 
flash,  remove  the  lamp,  press 
down  the  brass  knob,  e,*  which 
will  open  the  valves  and  allow 
air  to  enter  into  the  instrument 
Tig.  313.  Fig.  214.  ^"'^    vapour    to    rise    in    the 

dome,  C.  Into  the  aperture 
of  thia  inaert  a  very  email  lighted  taper,  and  if  the  vaporising 
point  has  been  reached,  a  slight  "puff"  will  occur;  if  this  should  not 
take  place,  replace  the  lamp  and  allow  the  mercury  in  the  thermometer 
to  ascend  very  slowly,  2*  or  3°  per  minute  ;  remove  the  lamp  and  per- 
form the  same  operation  with  the  lighted  taper  until  the  slight  "puS'" 
is  produced ;  proceed  very  slowly  with  this  operation,  and  nhen  the 
'*  puff"  occurs,  take  a  simultaneous  reading  of  the  thermometer ;  this 
indicates  the  flashing  point.  To  ascertain  the  burning  point  of  the 
ml,  replace  the  lighted  lamp  and  allow  the  thermometer  to  rise  about 
8*;  now  remove  the  lamp,  swing  back  the  cover  by  means  of  the 
handle,  ^,  and  pasa  the  lighted  taper  quickly  across  the  oil  without 
inclining  the  taper  downwards ;  if  the  boming  point  has  been  attained, 
the  oil  will  ignite  ;  if  not,  cover  the  oil  and  replace  the  lamp,  watching 
the  thermometer  carefully,  and  not  allowing  the  mercurv  to  rise  more 
than  3*  or  5*  between  the  teats.  When  the  oil  takes 'fire,  read  the 
thermometer,  and  this  will  give  the  igniting  point.  It  is  advisable  in 
all  cases  to  make  more  than  one  test  of  the  oil :  in  e*ch  new  test  the 
water  and  oil  should  be  changed,  and  the  instmment  allowed  to  cooL 

>  Thii  kttoti  u  contwctcd  villi  a  bir,  c,  the  coda  of  which  nonnalh'  forer  aper- 
taroi,  f,  in  a  piixited  plate,  ft,  TW  ^atc  may  be  moTrd  by  iinkiis  of  m  butdle,  f, 
wb«n  it  i*  <kMT«d  to  <^ieai  tha  <«fh    Tha  bar,  e,  is  suffKwtcd  bj  a  apriDg. 
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Having  learned  the  vaporising  point  in  the  first  operation,  in  the 
succeeding  ones  the  instrument  can  be  more  carefully  watched,  and 
probably  the  flashing  point  recorded  will  be  lower  than  in  the  first 
operation.  When  "high  grade"  oils  are  being  tested,  sand  is  placed 
in  the  outer  vessel  instead  of  water.  The  author  has  not  found  it 
possible  to  obtain  concordant  results  with  this  instrument  In  some 
cases,  the  results  closely  agree  with  those  furnished  by  the  Abel  appar- 
atus, but  in  most  instances,  they  appear  to  be  from  6"  to  8*  F.  higher, 
and  occasionally  lO"*  or  12°  higher.  This  apparatus  was  formerly  used 
in  Germany. 1  The  simpler  form  of  the  instrument  shown  in  Fig. 
214  consists  of  a  water  bath.  A;  an  oil  cup,  B ;  the  hood,  0,  with 
an  opening,  a,  into  which  the  test-flame  is  inserted ;  the  body,  E ;  the 
thermometer,  D  ;  the  lamp,  Fj  and  the  pivoted  cover,  6,  over  the  air- 
inlet. 

Wisoonsin  Tester.  —  The  instrument  officially  employed  in  the 
State  of  Wisconsin,  has  a  copper  oil  cup  with  a  copper  cover  in  which 
there  is  a  small  opening  for  the  insertion  of  the  test-flame. 

Elliott  Tester.— In  1882,  the  State  Board  of  Health  of  New  York 
adopted  a  form  of  the  tester  last  described,  embodying  improvements 
suggested  by  Professor  Arthur  H.  Elliott,  the  chief  of  which  was  the 
substitution  of  a  glass  for  a  metal  cover.  The  following  is  the  official 
description  of  the  apparatus  and  of  the  mode  of  applying  the  test : — 

The  instrument  consistB  of  a  Bheet-copper  stand  Si  inches  high,  exclusive  of  the 
base,  and  4^  inches  in  diameter.  On  one  side  is  an  aperture  3^  inches  high,  for 
introducing  a  small  spirit  lamp  about  3  inches  in  height,  or  better,  a  small  gas 
burner  in  place  of  the  lamp,  when  a  supply  of  gas  is  at  nand.  The  water  bath  is 
also  of  copper,  and  is  4^  inches  in  height  and  4  inches  inside  diameter.  The  open- 
ing in  the  top  is  21  inches  in  diameter.  It  is  also  provided  with  a  ^-inch  flange 
which  supports  the  bath  in  the  cylindrical  stand.  The  capacity  of  the  bath  is 
about  20  fluid  ounces,  this  quantity  being  indicated  by  a  mark  on  the  inside.  The 
lower  portion  of  the  copper  oil  holder  is  3$  inches  high  and  2|  inches  inside  diam- 
eter. The  upper  part  is  1  inch  high  and  3|  inches  diameter,  and  serves  as  a  vapour 
chamber.  The  upper  rim  is  provided  with  a  small  flange  which  serves  to  hold  the 
glass  cover  in  place.  The  oil  holder  contains  about  10  fluid  ounces  when  filled  to 
within  i  of  an  inch  of  the  flange  which  joins  the  oil  cup  and  the  vapour  chamber. 
In  order  to  prevent  reflection  from  the  otherwise  bright  surface  of  the  metal,  the 
oil  cup  is  blackened  on  the  inside  by  forming  a  sulphide  of  copper  by  means  of 
sulphide  of  ammonium.  The  cover  is  of  glass,  and  is  3|  inches  in  diameter;  on 
one  side  is  a  circular  opening,  closed  by  a  cork  through  which  the  thermometer 
passes.  In  front  of  this  is  a  second  opening  }  of  an  inch  deep  and  the  same  in 
width  on  the  rim,  through  which  the  flashing  jet  is  passed  in  testing.  The  substi- 
tution of  a  glass  for  a  metal  cover  more  readily  enables  the  operator  to  note  the 
exact  point  at  M'hich  the  flash  occurs.  A  small  gas  jet,  ^  inch  m  length,  furnishes 
the  best  means  for  igniting  the  vapour.  Where  gas  cannot  be  had,  the  flame  from 
a  small  waxed  twine  answers  very  well.  The  test  shall  be  applied  according  to 
the  following  directions : — 

Remove  the  oil  cup  and  fill  the  water  bath  with  cold  water  up  to  the  mark  on 
the  inside.  Replace  the  oil  cup  and  pour  in  enough  oil  to  fill  it  to  within  ^  of  an 
inch  of  the  flange  joining  the  cup  and  the  vapour  chamber  above.  Care  must  bo 
taken  that  the  oil  does  not  flow  over  the  flange.  Remove  all  air  bubbles  with  a 
piece  of  dry  paper.  Place  the  glass  cover  on  the  oil  cup,  and  so  adjust  the  ther- 
mometer that  its  bulb  shall  be  just  covered  by  the  oil.  If  an  alcohol  lamp  is 
employed  for  heating  the  water  bath,  the  wick  should  be  carefully  trimmed  and  ad- 
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justed  to  a  small  flame.  A  small  Bunsen  burner  may  be  used  in  place  of  the  lamp. 
The  rate  of  heating  should  be  about  2°  per  minute,  and  should  in  no  case  exceed  3^ 
As  a  flash  torch,  a  small  gas  jet  \  inch  in  length  should  be  employed  When  gas 
is  not  at  hand,  employ  a  piece  of  waxed  linen  twine.  The  flame  in  this  case,  how- 
ever, should  be  small.  When  the  temperature  of  the  oil  has  reached  85*"  F.,  the 
testings  should  commence.  To  this  end,  insert  the  torch  into  the  opening  in  the 
cover,  passing  it  in  at  such  an  angle  as  to  well  clear  the  cover,  and  to  a  distance 
about  half-way  between  the  oil  and  the  cover.  The  motion  should  be  steady  and 
nniform,  ra])ia  and  without  any  pause.  This  should  be  repeated  at  every  2"  rise 
of  the  thermometer  until  the  temperature  has  reached  95",  when  the  lamp  should 
be  removed  and  the  testings  should  be  made  for  each  degree  of  temperature  until 
100**  is  reached.  After  this,  the  lamp  may  be  replaced  if  necessary,  and  the  testings 
continued  for  each  2°.  The  appearance  of  a  slight  bluish  flame  shows  that  the 
flashing  point  has  been  reached.  In  every  case,  note  the  temperature  of  the  oil 
before  introducing  the  torch.  The  flame  of  the  torch  must  not  come  in  contact 
with  the  oil.  The  water  bath  should  be  filled  with  cold  water  for  each  separate 
test,  and  the  oil  from  a  previous  test  carefully  wiped  from  the  oil  cup.  The  in- 
strument to  be  used  in  ascertaining  the  igniting  point  of  oils  shall  consist  of  the 
cylinder,  the  copper  oil  cup,  together  with  a  copper  collar  for  suspending  the  cup 
in  the  cylinder,  and  an  adjustable  support  for  holding  the  thermometer.  The  test 
for  ascertaining  the  igniting  point  snail  be  conducted  as  follows : — Fill  the  cup 
with  the  oil  to  be  tested  to  within  f  of  an  inch  of  the  flange  joining  the  cup  and 
the  vapour  chamber  above.  Care  must  be  taken  that  the  oil  does  not  flow  over 
the  flange.  Place  the  cup  in  the  cylinder  and  adjust  the  thermometer  so  that  its 
bulb  shall  be  just  coverca  by  the  oil.  Place  the  lamp  or  gas  burner  under  the  oil 
cup.  The  rate  of  heating  should  not  exceed  10"  a  minute  below  250°  F. ,  nor  exceed 
5°  a  minute  above  this  point.  The  testing-flame  described  in  the  directions  for 
Ascertaining  the  flashing  point  should  be  used.  It  should  be  applied  to  the  surface 
of  the  oil  at  every  5**  rise  in  the  thermometer,  till  the  oil  ignites. 

An  inconveniently  large  quantity  of  oil  is  required  for  this  test, 
and,  according  to  the  author's  experience,  the  results  obtained,  while 
not  differing  greatly  from  those  furnished  by  the  Abel  instrument,  are 
less  concordant. 

Granier's  Tester. — The  first  "automatic"  tester  introduced  was 
that  of  Granier,  which  has  for  many  years  been  oflScially  employed  in 
France,  and  is  thus  described.^  The  apparatus  consists  of  a  small 
copper  cup  divided  into  two  concentric  parts,  tlie  walls  of  the  inner 
division  being  conical.  In  the  aperture  at  the  apex  of  the  cone  is 
inserted  a  tubular  wick  on  a  small  mandrel  which  stands  in  a  depres- 
sion formed  in  the  bottom  of  the  cup,  so  as  to  be  perfectly  upright. 
There  is  a  small  tube  in  the  outer  division  to  serve  as  a  gauge  for  the 
quantity  of  oil,  and  as  an  overflow  pipe  to  carry  away  any  slight 
excess.  Heat  is  applied  to  the  oil,  not  by  a  lamp  below,  but  by 
means  of  a  bent  copper  wire  fixed  in  the  aperture  of  the  lid,  so  as 
to  receive  heat  from  the  test-flame  and  convey  it  to  the  oil,  into  which 
its  two  ends  dip.  The  cover  has  a  circular  opening  over  the  test- 
flame,  with  a  small  lid  also  pierced  by  a  central  aperture. 

Directions  for  Use. — The  method  of  applying  the  test  as  prescribed 
by  law  is  as  follows: — The  apparatus  must  be  clean,  and  the  wick  must 
be  renewed  if  carbonised  to  a  depth  exceeding  1  mm.  The  wick,  fixed 
upon  its  metallic  mandrel,  is  placed  in  the  metallic  cone  in  the  cup, 
so  as  to  rest  evenly  on  the  bottom  of  the  cup.  The  oil  to  be  tested, 
the  temperature  of  which  should  not  exceed  25*  C,  is  poured  into 
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the  cup  ia  such  a  manner  that  it  runs  into  the  wick,  the  cup  being 
filled  to  the  top  of  the  connecting  tube.  The  cover  is  then  placed 
on  the  cup,  the  small  lid  in  the  centre  of  the  cover  closed,  and  the 
thermometer  placed  in  its  socket  To  ascertain  the  degree  of  in- 
flammability, a  lighted  match  is  held  near  the  small  orifice  in  the 
centre  of  the  small  lid,  and  kept  there  for  several  seconds,  and  the 
temperature  at  which  a  petroleum  vapour  flame  appears  and  remains 
above  the  orifice  is  carefully  noted.  If  a  persistent  vapour  flame  is 
not  obtained,  the  wick  should  be  lighted  at  several  points,  so  as  to 
produce  combustion  all  round  the  edge,  and  the  small  lid  closed. 
The  rise  in  temperature  is  to  be  carefully  observed,  the  degree  at 
which  a  slight  explosion  occurs  and  extinguishes  the  flame  being  the 
degree  of  inflammability.  Should  this  be  either  32*,  33*,  or  34*  C, 
the  operation  is  to  be  twice  repeated  with  fresh  portions  of  the  sample, 
and  the  average  of  the  three  taken  as  the  correct  result.  Liquids 
passing  the  test  of  35*  C.  are  considered  as  of  the  second  class,  and 
those  failing  to  do  so  are  held  to  belong  to  the  first  class,  of  inflam- 
mable liquids. 

The  directions  issued  by  the  maker  of  the  Granier  cup  are  as 
follows : — To  ascertain  the  flashing  point,  the  oil  is  poured  carefully 
into  the  central  cone  surrounding  the  wick  until  the  outer  division  is 
full  to  the  level  of  the  overflow  pipe.  The  wick  should  project  not 
more  than  1  mm.  above  the  apex  of  the  cone.  After  putting  on  the 
cover  of  the  cup,  a  light  is  applied  to  the  central  oriBce,  when,  if  the 
oil  disengages  vapour  at  a  lower  temperature  than  the  surrounding 
air,  a  flash  is  immediately  obtained.  In  all  cases  where  no  flash  is 
observed,  the  wick  is  lighted,  the  small  lid  on  the  cover  is  shut  down, 
and  the  apparatus  is  kept  in  a  still  atmosphere.  The  small  wire  placed 
over  the  flame  conducts  heat  to  the  oil,  and  when  the  temperature 
reaches  the  point  at  which  inflammable  vapour  is  evolved,  a  flash 
occurs  at  the  orifice  in  the  lid,  putting  out  the  light.  To  determine 
the  density  of  the  oil,  a  specific  gravity  instrument  is  supplied  with 
the  tester,  graduated  in  degrees  of  2J  grammes  per  litre  at  a  standard 
temperature  of  15*  C.  This  is  a  preliminary  test,  and  obviates  the 
necessity  of  the  flash  test  in  the  case  of  oils  lighter  than  0*760,  these 
always  taking  fire  below  0*  0.  The  standard  of  density  in  Franco  is 
0*800  for  petroleum,  and  0*815  for  shale  oil. 

The  author  has  made  a  considerable  number  of  tests  with  the 
Granier  apparatus,  but  has  found  the  action  so  unsatisfactory  that 
he  is  unable  to  state  how  the  results  compare  with  those  given  by 
the  Abel  instrument. 

Parrish's  "Naphthometer." — In  Parrish's  naphthometer,  an  "auto- 
matic "  tester  which  has  been  largely  used  in  Holland,^  the  cover  of 
the  oil  cup  is  provided  with  a  wick  holder,  fixed  centrally  in  a  short 
tube  of  greater  diameter,  and  carrying  a  lamp  wick  which  passes  down 
into  the  oil.  The  oil  thermometer  is  inserted  in  a  tube  which  is 
attached  to  the  cover  of  the  cup.  This  tube  communicates  (I)  with 
the  external  air  through  orifices  in  the  cup  at  the  upper  end,  (2)  with 
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the  air  in  the  upper  part  of  the  oil  cup  through  a  lateral  aperture,  and 
(3)  with  the  oil  in  the  cup  through  openings  in  the  bottom  of  the  tube. 
A  screen  prevents  the  heat  of  the  test-flame  from  affecting  the  ther- 
mometer. The  oil  cup  fits  in  a  water  bath  which  is  placed  in  an  outer 
casing  containing  the  spirit  lamp  for  heating  the  apparatus.  In  apply- 
ing the  test,  cold  water  is  poured  into  the  water  bath,  and  the  oil  cup 
is  filled  to  within  1  centimetre  from  the  top.  The  flame  of  the  spirit 
lamp  is  regulated  to  a  length  of  1  to  1^  centimetre,  and  the  testing 
flame  should  not  exceed  6  or  7  millimetres  in  length.  The  heat  from 
the  latter  causes  a  current  of  air  to  pass  down  the  tube  containing 
the  thermometer,  over  the  surface  of  the  oil,  where  it  mingles  with 
the  oil  vapour,  and  to  issue  near  the  test-flame,  ignition  occurring 
when  the  flashing  point  of  the  oil  is  reached. 

The  Farrish-Engler  Naphthometer.  —  Parrish's  instrument 
having  been  found  by  Engler  and  Haas^  to  give  variable  results 
according  to  the  rate  of  heating,  the  size  of  the  test-flame,  and  the 
degree  of  shelter  from  draughts  aflbrded  to  the  flame,  an  improved 
form  was  devised  by  Engler;  an  air  space  between  the  water  bath 
and  the  oil  cup  being  ])rovided  as  in  the  Abel  tester,  and  an  ebonite 
ring  interposed  to  prevent  contact  at  the  top.  A  glass  chimney  sup- 
ported on  a  swing  bracket  can  be  brought  into  position  over  the 
test-flame.  The  lid  of  the  oil  cup  is  fitted  with  a  slide,  by  means  of 
which  the  ventilating  and  testing  apertures  may  be  closed  or  opened. 
The  air  entering  the  cup  is  directed  over  the  surface  of  the  oil  by  a 
semicircular  screen,  attached  to  the  under  surface  of  the  lid  and  extend- 
ing below  the  surface  of  the  oil.  This  screen  is  pierced  with  holes 
for  passage  of  the  air.  The  correct  heights  of  the  heating-  and  test- 
flames  are  indicated  by  small  wires  projecting  from  the  upper  surface 
of  the  lamp  and  the  test  cylinder  respectively. 

The  water  bath  is  completely  filled,  and  the  oil  to  be  tested  is 
poured  into  the  oil  cup  up  to  the  level  of  the  indicator.  The  oil  cup 
lid  being  fastened  in  position,  the  glass  chimney  is  turned  so  as  to 
enclose  the  test  cylinder,  the  heating  lamp  is  lighted,  and  when  the 
thermometer  indicates  an  approach  to  the  anticipated  flashing 
temperature,  the  test  lamp  is  also  lighted.  The  slide  is  then  with- 
drawn for  five  seconds  and  quickly  returned.  This  is  repeated  every 
degree  until  flashing  occurs.  The  apparatus  is  stated  to  give  good 
results  even  in  the  hands  of  unskilled  operators,  provided  the  proper 
quantity  of  oil  and  the  time  named  for  opening  the  slide  are  correctly 
observed. 

The  Fhlog-elaio-m^tre. — The  instrument  sold  under  this  name 
has  been  officially  adopted  by  the  City  of  Marseilles.  It  is  described 
by  the  maker  as  consisting  of  a  water  bath  heated  by  a  spirit  lamp, 
and  a  covered  oil  vessel  fitted  with  a  thermometer.  At  the  side  of 
the  thermometer,  there  is  a  small  chimney  furnished  with  a  wick  of 
two  or  three  strands  of  cotton,  and  near  this  there  are  two  openings 
in  the  cover  which  are  closed  by  a  latch.  The  following  are  the 
directions  for  use  : — Fill  the  water  bath  to  the  horizontal  line  marked 
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80  that  the  level  of  the  water  is  a  little  below  the  two  overflow  open- 
ings when  the  oil  cup  has  been  inserted.  The  oil  vessel  is  to  be  filled 
with  the  oil  to  be  tested  up  to  the  level  of  a  horizontal  ring  which  is 
fixed  in  it,  and  the  lower  part  of  the  thermometer  is  to  be  pasaed 
through  this  ring.  The  wick  in  the  chimney  must  pass  into  the  oil, 
and  should  be  cut  ofl^  close  at  the  top.  Open  the  latch,  light  the 
heating  lamp,  regulating  the  flame  so  that  the  temperature  of  the 
water  may  be  raised  very  slowly.  When  the  thermometer  begins  to 
rise,  light  the  wick  in  the  little  chimney,  and  watch  the  thormometer. 
When  the  flashing  point  is  approached,  the  test-flame  begins  to  flicker 
and  is  finally  extinguished,  the  temperature  indicated  by  the  ther- 
mometer when  this  occurs,  being  the  flashing  point  of  the  oiL 

The  Foster  Automatic  Tester. — ^The  Foster  automatic  tester 
(Fig.  215),  employed  in  Ohio,  is  similar  in  principle  to  the  original 
Parrish's  tester.      In  the  figure,  the  oil  cup  is  _ 

shown  at  A,  the  water  bath  at  B,  the  body  of 
the  apparatus,  forming  an  air  jacket,  at  C,  and 
the  flash  jet  at  D. 

The  instrument  consists  of  a  copper  lamp- 
furnace  containing  a  water-bath  and  oil  cup, 
-the  latter  surmounted  by  a  closed  vapour 
chamber,  which  is  pierced  at  two  points  sym- 
metrically placed  for  the  reception  of  a  ther- 
mometer and  a  flashing  lamp  or  taper.  The 
apparatus  is  elliptical  in  shape,  the  thermo- 
meter being  placed  in  one  focus  of  the  ellipse, 
and  the  flashing  taper  in  the  other.  The 
flashing  taper  consists  of  a  small  cylindrical 
wick  holder,  which  is  supported  by  radial 
arms  attached  to  a  ring,  and  rests  upon  a 
similar  ring  at  the  bottom  of  an  open,  shallow  ^^i:!^ 
basin,    the    spaces    between   the   radial   arms  Fig.  215. 

giving  egress  to  the  oil  vapour,  while  the  wick 

itself  extends  down  into  the  body  of  the  oil  within  the  cup.  An  in- 
verted conical  thimble,  resting  upon  the  rim  of  the  basin,  prevents 
the  dissipation  of  the  vapour.  The  thermometer  is  mounted  in  a 
copper  tube  cut  away  in  front  to  expose  the  scale,  the  bulb  of  the 
thermometer,  when  in  position,  being  within  the  body  of  the  oil  at  a 
definite  distance  below  the  surface.  A  space  around  the  tube  of  the 
thermometer,  of  definite  diameter  and  distance  above  the  surface  of 
the  oil,  allows  of  the  passage  of  a  downward  current  of  atmospheric 
air  when  the  flashing  taper  is  alight.  An  index  is  placed  within  the 
water  bath,  and  within  the  oil  cup,  for  maintaining  uniformity  in  the 
filling  of  each.  The  heating  lamp  of  the  lamp  furnace  has  its  wick 
adjustable  to  regulate  the  rate  of  heating. 

DIRECTIONS    FOR    USB. 

1.  Remove  the  thermometer,  with  its  mounting,  from  the  oil. 

2.  Lift  off  the  oil  cup  containing  the  flashing  taper,  and  half  fill  the  open  water 
bath  with  water. 
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3.  Now  UJte  ont  the  wkk  holder  from  the  oil  cap,  ood  fill  tbU  ve««el  with  the 
ml  to  be  toted,  pouring  in  the  oil  kt  the  place  of  tlie  wick  holder,  and  notiiig  the 
gknm  mark  at  the  thermometer  hole — poar  in  the  oil  very  gradnally  ai  the 
mrfice  apptoachea  the  gaage  mark.  The  gangs  mark  connEti  of  a  small  pendant 
ahelf,  and  the  oil  cup  is  properly  filled  when  the  opper  Borface  of  the  oil  jnst 
4dheres  to  the  lower  Burfoce  of  the  gauge  mark.  Too  moch  care  cannot  be  t^ea 
at  thia  point ;  therefore,  having  ceasea  pouring,  tip  the  cup  ao  that  the  oil  flows 
away  from  the  gauge,  and  then  gradually  reatoring  it  to  the  horizontal,  see  that 
the  aurfacB  again  o&eres,  aod  add  a  little  more  oil  Lf  it  doea  not. 

4.  See  that  the  wick  of  the  Sashing  taper  be  adjusted  to  give  a  very  email 
flame — a  flame  that  doea  not  exceed  one  quarter  of  an  inch  in  height.  A  flame 
that  eihibita  aa  much  bias  at  ita  base  as  yellow  at  its  top  ia  right. 

5.  Now  replace  the  oil  cup  in  the  water  bath  ;  return  the  flsshing  taper  to  its 
place,  inverting  the  conical  thimble  around  it,  and  return  the  thermometer  to  its 
place  upon  the  cup ;  in  doing  this  be  sure  that  the  caaing  of  the  latter  is  paahed 


down  npoD  the  cup  as  far  ai 

6.  Half  fill  the  lamp  beneath  with  alcohol,  light  it  and  put  it  ii 
beneath  the  water  bath.  Now  note  tbe  rate  of  increase  in  temperatui 
y  the  thermometer,  and  adjust  the  wick  b  "   !■■-■- 


Inr  the  thermometer,  and  adjust  the  wick  to  raise  the  temperat 
2^  per  minute.     When  the  temperature  has  reached  100°,  light  the  flaabing  taper 
closely.     Aa  soon  as  the  oil  under  test  has  reached  its  "Sashing 
point,"  the  flame  of  this  taper  will  be  extinguished  by   the   "  flash,"  and  the 


It  the  flame  of  the  taper  is  extingnished. 

Although  the  Foster  tester  belongs  to  the  closed  vessel  class,  the 
author  finds  that  it  gives  results  from  H°  to  20°  F.  higher  than  those 
furnished  by  the  Abel  instrument,  the  extent  of  the  ditference  depend- 
ing upon  tbe  character  of  the  oil. 

Bernstein's  Tester. — lu  the  Bernstein  tester  (Fig.  21G),'  the  water 


Fig.  218. 
bath  contains  a  cylindrical  oil  cup,  F,  which  may  be  connected  by  » 
three-way  cock,  K,  with  either  a  (j-tube,  G,  ■  ■         •       "      •  ■  • 


'  Dittj^e  polyttch.  Joiem.,  I 


a  side  tube,  J,  which 
ccxl.,  I3S. 
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forms  a  gauge  to  indicate  the  height  of  the  oil.  The  lid  of  the  oil  cup 
is  either  closed  by  a  tap  at  the  top,  or  terminates  in  an  open  tube. 
Thermometers,  T  and  C,  are  fitted  in  the  water  bath  and  oil  cup.  To 
apply  the  test,  water  is  admitted  from  a  reservoir,  S,  to  the  tube,  G, 
and  the  pressure  thus  imparted  to  the  oil  expels  some  of  the  vapour 
from  the  oil  cup,  so  that  it  reaches  a  flame,  n.  To  register  the  flashing 
point,  a  second  lamp  wick  is  placed  just  above  the  opening  where  the 
vapour  escapes,  so  that  it  may  become  ignited  when  the  flash  occurs. 
According  to  Engler  and  Haas,  this  apparatus  gives  reliable  results  if 
it  is  desired  merely  to  ascertain  whether  a  sample  flashes  at  a  given 
temperature  or  not ;  but  if  the  object  of  testing  is  to  ascertain  the 
exact  flashing  point,  too  much  time  is  occupied,  and  a  higher  result  is 
obtained  than  with  the  average  of  other  closed  cup  instruments. 

The  Ehrenberg  Tester. —  In  the  Ehrenberg  tester,  a  syringe  is 
employed  to  force  the  vapour  from  a  closed  oil  chamber  into  contact 
with  a  flame. 

Braiin's  Tester. — Fig.  217  represents  an  instrument  introduced  by 
Braun.^  It  was  originally  constructed  of  glass,  the  oil  vapour  being 
driven  out  against  the  test-flame  by  the  j^ressure  of  water,  but  the 
metallic  apparatus  shown  was  afterwards  employed.  Tliis  consists  of 
a  steel  block.  A,  weighing  6  kilos.,  the  u])per  part,  B,  E,  being  hollowed 
out  to  a  depth  of  45  mm.  and  a  diameter  of  65  mm.,  and  widened  out 
conical ly  at  the  top  for  the  admission  of  a  bronze  cup,  H.  The  cup  has 
a  truncated  conical  bottom  with  a  downwardly  projecting  tube  in  the 
centre  closed  by  a  cork,  fitted  on  a  handle,  K,  rising  up  through  the 
glass  lid  of  the  cup.  A  small  cylinder,  6,  inside  the  cup,  serves  as  a 
gauge,  the  superfluous  oil  running  into  it  being  removed  by  the  aid  of 
a  pipette.  The  instrument  rests  on  feet,  to  one  of  which  a  lamp,  L,  is 
so  attached  by  a  bracket  that  the  flame  can  be  brought  opposite  an 
opening,  C,  in  the  side  of  the  block.  To  apply  the  test,  oil  is  poured 
into  the  upper  cup,  H,  till  the  level  of  the  upper  end  of  b  is  reached. 
This  meiisured  quantity  of  exactly  25  c.c.  is  then  run  into  B,  E,  by 
raising  the  handle,  K,  and  a  second  25  c.c.  is  similarly  introduced  into 
H.  The  steel  block  being  previously  heated  to  the  required  degree 
(indicated  by  a  thermometer,  T,  inserted  in  a  boiing,  S,  containing 
petroleum),  the  oil  is  allowed  to  remain  for  3  to  5  minutes  to  attain 
the  same  temperature,  and  after  a  total  lapse  of  ten  minutes  from  the 
pouring  in  of  the  oil,  the  test-flame  is  applied  to  the  passage,  C,  and  the 
handle,  K,  raised,  allowing  oil  to  run  into  B,  E,  to  displace  the  vapour, 
which  is  forced  out  through,  C,  against  the  flame.  If  the  mixture  is 
explosive,  the  flame  is  extinguished. 

Beilstein's,  Liebermann's,  and  Stoddard's  Methods. — Beilstein,^ 
Stoddard,^  and  Liebermann*  consider  that  the  best  method  of  ascer- 
taining the  flashing  point  of  petroleum  is  to  pass  a  current  of  air 
through  the  heated  oil,  and  observe  the  igniting  temperature  of  the 
mixture  of  air  and  vapour  evolved.     Stoddard  passes  a  continuous 

^  Divgler's  polyttch.  Joum,,  1882,  ccxliii.,  476. 
^  Zeits.f,  anal,  Chemie,  xxii.,  309.        •  Berichte  d.  d,  chem,  Oesellscha/tf  xv.,  2555. 

^  Zeits,/,  anal.  Chemie,  xxi.,  321. 
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current,  which  <;ives  less  accurate  results  than  the  iatermitteat  method 
parsued  by  Lieberaiann  and  Beilstein. 

Beilstein'B  Inatniment. — The  last-named  experiraenter'a  instm- 


int  (Fig.  318)  c 


I  glass  cylinder,  A,  175  inni.  high  aad  35 
mm.  in  diameter,  marked  at  distances 
of  6U  and  70  mm.  from  the  bottom,  the 
lower  mark  indicating  the  oil  level. 
Air  is  blown  in  through  a  tube,  6,  ter- 
niioating  in  a  rose,  c.  A  tliermo meter, 
t,  is  Dsed  to  record  the  temperature,  its 
bnlb  l^eing  immersed  to  about  half  the 
depth  of  the  oil.  The  apparatus  is 
placed  iti  a  slowly-heated  water  bath, 
lo  produce  a  rise  in  temperature  of 
about  1°  C.  in  two  to  three  minutes, 
and  at  each  1°  rise,  a  current  of  air  is 
blown  in  for  five  seconds  with  sufficient 
violence  to  cause  a  froth  to  rise  up  to 
the  higher  mark  on  the  c^Uader,  a 
small  flame  being  at  the  same  time . 
applied  to  the  mouth  of  the  ajiparatus. 
The  first  flashing  point  observed  must 
be  cODsidered  as  a.  preliminary  test,  and 
the  experiment  must  be  repeated  by 
commencing  the  introduction  of  the  air 
current  at  the  temperature  noted. 
When  the  beating  ia  carefully  per- 
formed, the  results  are  said  to  agree 
within  \'  C. 

UUlspaugh's  Tester. — In  the  Mills- 

paugh  closed  tester  (Fig.  21'J),  the  glass 

oil  cup  ia  immersed  only  to  the  extent 

Fig.  218.  of  one-tenth  of  its  depth,  in  the  water 

bath,    apparently   with    the    object   of 

preventing  overheating  of  the  surface  of  the  oil . 

Mann's  Tester.— In  Mann's  tester  (Fig.  220),  an  attempt  is  made 
to  reproduce  the  conditions  existing  in  an  ordinary  petroleum  lamp, 
the  burner  of  the  lamp  being  replaced  by  a  tube  fitted  with  a  stopper 
which  ia  blown  out  when  the  vapour  ignites  on  the  introduction  of  a 
light  through  a  lateral  opening. 

Vette's  Instrument. — An  apparatus  designed  by  Vette  for  ascer~ 
tainin^  whether  an  oil  may  be  safely  used  in  a  lamp  whose  fittings 
have  a  known  conductivity  and  capacity  for  heat,  rather  than  for 
determinin;^  the  actual  inflammability  of  the  oil  as  ordinarily  under- 
stood, was  described  in  1333.'  A  water  bath  fitted  with  a  thermometer 
was  filled  with  water  up  to  an  indicator  point,  and  maintained  at  the 
required  temperature,  generally  about  30'  to  35°  C.  An  oil  vessel, 
fastened  in  the  water  hath  by  a  bayonet  catch,  was  charged  with  the 
'  Dhtgttr't  poifttek.  /own.,  ocxUU.,  47B. 
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oil  as  higli  an  an  indicator  point,  and  waa  covered  by  a  bood  surrounded 
by  a  second  water  bath  heated  to  20°  C,  the  average  temperature  of  a 
room.  After  the  apparatus  had  stood  for  tifleea  raicutes,  the  mixture 
of  air  and  vapour  in  the  hood  being  agitated  by  a  stirrer,  the  test-flame 
was  applied.  If  an  explosion  was  produced,  its  effect  was  manifested 
by  the  lifting  of  a  safety  valve. 


Fig.  219.  Fig.  22a 

GawaloTski'B  Instrument. — A.  Gawalowski,  of  Briinn,  recently 
introduced  an  apparatus,  which  he  asserts  will  show  tlte  degree  of 
danger  from  explosion  in  a  badly  constructed  lamp.  In  this  iustm- 
ment  (Fig.  221),  A,  is  the  oil  cup,  to  the  lid  of  which  is  affixed  a 
Bunsen  burner,  B,  a  safety-valve  and  a  theminuieter,  T,  fitted  gas- 
tight.  At  the  mouth  of  the  Bimaen  ia  soldered  a  hook,  C,  from  which 
s  thread  impregnated  with  nitrate  of  ammonia  passes  round  a  pulley, 
and  supports  a  lever  carrying  a  stopper,  W,  placed  over  the  central 
tnbe.  On  heating  the  nil  in  the  receiver,  and  applying  a  light,  D,  to 
the  mouth  of  the  Bunsen  burner,  the  flame  produced  when  the  vaponr 
ignites  deatroys  the  thread,  and  allows  the  stopper  to  drop  into  the 
mouth  of  the  centrnl  tube.  The  temperature  at  which  this  occurs  is 
read  off  on  the  thermometer. 

The  SaUeron-Urbain  Tester. — In  the  Salleron-XTrbain  tester, 
which  has  been  used  in  France  in  the  examination  of  petroleum, 
the  flashing  point  is  deduced  indirectly  from  the  pressure  exerted 
by  the  vapour  evolved  at  a  given  temperature.  It  consists,  as 
shown  in  Tig.  222,  of  a  copper  or  brass  vessel,  A,  from  the  bottom  of 
which  rises  a  conical  pillar,  D.  The  vessel  is  hermetically  closed  by  a 
cover,  d,  which  carries  a  guide  block,  0,  fitting  and  pivoted  on  the 
pillar,  D,  and  containing  a  cylindrical  chamber,  B,  closed  above  by  a 
•crew  stopper  and  indiarnbber  ring,  p,  and  comnmnioating  below  with. 
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A,  by  a  hole  in  the  lid.  A  graduated  tube  of  glass,  wt,  35  cm,  long, 
and  divided  into  millimetres;  a  thennometev ;  and  a  reguUtor  con- 
sistioK  of  ^  stiilfiiig  box,  I, 

containing  a  piston  raised  or 
lowered  by  a  screw,  r,  to 
adjust  the  pressure  of  water 
in  the  tube,  m,  are  all 
fuNtened  hermetictilly  to  the 
lid. 

Directions  for  TJae.— To 
test  an  oil,  water  is  poured 
into  tlie  vessel,  A,  and  the 
lid  with    its  appendages  is 


Fig.  221. 


fastened  down,  the  block,  C,  being  so  turned  that  tho  cylinder,  B,  is  not 
in  communication  with  A.  The  oil  being  placed  in  B,  aod  the  stopper 
screwed  down,  the  whole  apparatus  is  placed  in  warn  water  until  the 
thermometer  indicates  the  required  temperature.  The  height  of  the 
column  of  water  in  m  is  reduced  to  0  on  the  scale  by  turning  the 
regolator  screw,  r,  and  the  block,  C,  is  turned  round  so  as  to  allow 
the  oil  to  flow  from  B  into  A.  The  heat  in  the  vessel,  A,  vaporises  a 
portion  of  the  oil,  and  the  pressure  generated  is  recorded  by  the  rise 
of  water  in  the  graduated  tube.  The  inventors  prepared  the  follow- 
ing table   showing  the   pressure    produced    by   heating  a   "normal 
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petroleum"  free  from  all  constituents  of  less  than  0*735,  or  more 
than  0*820  specific  gravity  ^ : — 


Pressure  expressed  in 

Pressure  expressed  in 

Temperature. 

Millimetres  nf  Water 

Temperature. 

Millimetres  of  Water 

in  the  Measuring  Tube. 

in  the  Measuring  Tube. 

•c. 

•c. 

0 

34-5 

18 

73 

1 

36 

19 

76 

2 

37-5 

20 

79 

3 

39 

21 

82  5 

4 

41 

22 

86 

5 

43 

23 

90 

6 

4> 

24 

95 

7 

47 

25 

100 

8 

49 

26 

105 

9 

51 

27 

110 

10 

63 

28 

116 

11 

55 

29 

122 

12 

67 

30 

129 

13 

69 

31 

136 

14 

cr5 

32 

144 

15 

64 

33 

155 

16 

67 

34 

163 

17 

1 

1 

70 

1 

35 

174 

Salleron  and  Urbain  give  also  the  following  as  the  determined 
vapour  pressures  (vapour  tensions)  of  petroleum  products  of  various 
densities : — 


Density  at 

Tension  in 

Density  at 

Tension  in 

15»  C. 

1 

mm.  of  water. 

15'  C. 

mm.  of  water. 

;         0-812 

0 

0  756 

125 

0-797 

6 

0-735 

410 

0-788 

15 

0'695 

930 

0-772 

40 

0*680 

1,185 

0-762 

1 

85 

0-650 

2,110 

As  regards  this  test,  Engler  and  Haas  state  that  the  method  rests 
entirely  upon  the  belief  that  the  vapour  pressures  vary  directly  with 
the  flashing  points  of  different  varieties  of  petroleum,  which  is  not  in 
all  cases  correct,  as  the  presence  of  a  small  quantity  of  highly  volatile 
hydrocarbon,  presumably  too  small  in  quantity  to  sensibly  affect  the 
inflammability,  increases  the  pressure  in  the  apparatus.  The  con- 
clusion i5»,  however,  expressed  that  oils  whose  vapour  pressure  at 
35"  C.  is  not  greater  than  is  represented  by  a  column  of  64  milli- 
metres of  water,  may  be  considered  safe. 

Bosenbladt's  Test. — To  estimate  the  flashing  point  of  samples  too 

1  Wagner's  Jahresb.  Chem,  Technology,  xiL,  1S66,  673. 
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small  for  use  in  an  ordinary  tester,  Rosenbladt  bas  proposed  the 
following  indirect  method  ^ : — 

A  glass  flask  two-thirds  full  of  water,  is  fitted  with  an  india-rubber 
stopper,  with  two  perforations,  one  of  which  is  connected  with  a 
Welter's  safety  tube  containing  a  little  mercury,  while  the  other 
carries  a  bent  glass  tube.  Into  a  Woulfs  bottle  of  100  to  150  c.c. 
capacity  are  poured  12*5  cc.  (10  grammes)  of  the  petroleum  and  an 
equal  quantity  of  distilled  water.  Through  the  cork  in  one  of  the 
necks  of  the  bottle,  is  passed  a  glass  tube  reaching  nearly  to  the  bottom 
of  the  bottle,  where  it  tapers  off  to  about  H  millimetre  diameter; 
the  other  end  is  in  connection  with  the  flask.  The  bottle  is  covered 
with  a  hood  to  prevent  loss  of  heat,  and  its  other  neck  comniunicatea 
with  a  Liebig's  condenser,  delivering  into  a  measuring  glass  which 
holds  5  to  6  cc.  and  is  graduated  to  ^V  c-c  Heat  is  applied  to  the 
flask  until  5  to  5*1  cc.  of  distillate  collects  in  the  graduated  glass,  and 
an  equal  quantity  in  a  second  glass  after  removing  the  first.  After 
cooling  to  15*  C,  the  volume  of  oil  and  water  is  read  ofl*,  and  the 
flashing  point  is  found  by  the  use  of  the  following  table,  which  is 
based  on  experiments  made  with  the  oils  mentioned: — 

Petroleum  Proportion  of  water 

flashing  at  to  oil  in 

*C.  distillate^ 


^  (  from  TagieflTs  works  at  Baku,  j  }  ;  ^'.^ 

23  )  I  1  : 0-626 

2*  I  \fi^.n^(ru  I  I  :  0-598 

25  /  "     MirzoeflTs        „        „  -!  j  .  ^^^^ 

27  I  '»    Kokoreffa       ,.        „  -^  ^  .  Q.^ge 


28  i  i          1  :  0-504 

29  }  „  Nobel  Bros.*  „  ,,  <  1:0-483 
^  )  (  I  :  0-464 
45                  „    American  oleonaphtha  1  :  0'328 

(lubricating  oil). 

To  obtain  moie  reliable  results,  double  the  quantity,  viz.,  25  c.c. 
of  oil  may  be  used,  in  which  case  10  cc.  of  distillate  must  be  collected 
in  the  first  glass.  Notwithstanding  that  the  influence  of  variations  of 
atmospheric  pressure  prevents  anything  like  absolute  accuracy,  the 
originator  of  the  test  believes  it  to  be  correct  to  ±  1°  C.  It  is  recom- 
mended to  distil  a  sample  of  some  "  normal  petroleum,''  and  make  the 
necessary  corrections  for  variation  of  pressure,  from' the  result  obtained. 

Test  Tube  Method. — When  only  a  small  quantity  of  oil  is  avail- 
able for  testiog,  the  flashing  point  may  be  approximately  determined 
by  slowly  heating  the  oil  in  a  test  tube  4  or  5  inches  in  length  by 
about  three-quarter  of  an  inch  in  diameter,  and  inserting  the  burning 
end  of  a  piece  of  thin  twine  into  the  mouth  of  the  tube  at  intervals, 
after  agitating  the  oil.  The  tube  should  be  about  one-third  filled, 
with  the  oil,  and  a  delicate  thermometer  used  to  take  the  temperature. 
,In  this  way,  results  which  do  not  difler  materially  from  those  lumished 
by  the  Abel  instrument,  may  be  obtained  after  a  little  practice. 

1  Chem.  ZeU„  1886,  x.,  1587. 
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Comparison  of  Besults. — In  a  report  in  1882  to  the  New  York 
State  Board  of  Health,  Professor  A.  H.  Elliott  furnishes  particulars 
of  experiments  made  with  various  testing  instruments,  and  gives  the 
following  table  of  comparative  results  obtained  with  them  : — 


Oil  used. 


I.   i  II. 


III.      IV.   I    V.       VI.    ■  VII.  ,  VIII. 


IX. 


X. 


XI. 


Flashing  Points,  **  F. 


No.  1, 
No.  2. 
No.  3, 
Na  4, 


110** 

118' 

120" 

iir 

117" 

107" 

103" 

130" 

111" 

95" 

iir 

121° 

124*'   115** 

118" 

109" 

102" 

128" 

107" 

96" 

119" 

122** 

122*'   112* 

118" 

108" 

102" 

130" 

108" 

95° 

97'' 

96° 

97° 

90"* 

93" 

86" 

76" 

90" 

81" 

1 

75" 

119" 

•  •• 

118" 
96" 


I.  Taffliabue  (open  cup).  II.  AnialK)ldi  (open  cup).  III.  Saybolt.  IV.  Tagliabue  (closed  cup 
— small).  V.  Tagliabue  (closed  cup— large).  VI.  W  isconsin  State.  VII.  Abel.  VIII.  Bernstein. 
IX.  Millspaugh.    X.  Mann.    XI.  Foster. 

Testing  for  Fetroleuin  Vapour. — The  subject  of  the  detection 
and  measurement  of  petroleum  vapour  in  the  atmosphere  of  tanks  and 
other  spaces,  has  engaged  the  attention  of  the  author  for  the  past  four 
years.  He  was  at  one  time  accustomed  to  employ  an  alcohol  flame  in 
testing  for  petroleum  vapour,  but  becoming  impressed  with  the  im- 
portance of  being  provided  with  a  delicate  and  thoroughly  trustworthy 
means  of  determining  the  proportion  of  inflammable  vapour  present,, 
he  was  led  to  investigate  the  subject.  •  After  experimenting  with 
various  methods  of  testing,  with  results  given  in  a  paper  already 
referred  to  in  the  section  of  this  work  dealing  with  Transport  and 
Storage,^  the  author  devised,  in  consultation  with  Professor  Clowes  and 
Mr.  Robert  Redwood,  and  with  the  assistance  of  Messrs.  W.  J.  Fraser 
«fe  Co.,  a  testing  apparatus  in  which  the  hydrogen  flame  is  employed.^. 
It  is  well  known  that  a  non-luminous  flame,  burning  in  a  space  from 
which  light  is  excluded,  in  air  containing  a  small  proportion  of  in- 
flammable gas  or  vapour,  is  seen  to  be  surrounded  by  a  faint  halo,, 
which  is  termed  the  "flame-cap."  The  advantage  possessed  by  a 
hydrogen  flame  over  other  flames  in  point  of  sensitiveness  when  thus 
employed  as  a  test  for  inflammable  gases  has  long  been  recognised,, 
and  Mr.  Pieler^  in  1883,  after  referring  to  the  previous  recommenda- 
tion of  the  hydrogen  flame  for  testing  by  Messrs.  Mallard  and  Le 
Chatelier,^  described  an  apparatus  in  which  the  gas  generated  in  a 
Dobereiner  lamp  was  burned  in  a  specially  constructed  test  lamp,  for 
use  in  testing  samples  of  air  from  the  workings  in  coal  mines. 
Professor  Clowea-is  entitled  to  the  credit  of  having  devised  a  form  of 
miners'  testing  lamp,  which  depends  for  its  success  upon  the  employ- 
ment of  hydrogen  stored  under  pressure.     In  the  Redwood  testing 

1  "Redwood  on  the  Transport  of  Petroleum,"  J/in.  of  Proc.  Iiut,  C.E.y  cxvK,. 
(1893-94),  Part  II. 
3  English  Patent,  No.  187,  1893. 

'  Uber  einjaclie  Methoden  zur  UnUrsudiung  der  Oruhenwetter,     Aachen,  1883. 
*Ann,  d.  Mines,  7th  Ser.,  xix. 
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lamp,  compressed  hydrogen  is  also  used.     This  lamp  and  ita  a 

liove  now  been  in  practical  use  for  a  couple  of  years  and  have  been 

found  to  ausiwer  the  purpose  admirably. 

The  complete  appliancea  are  shown  in  Figs.  223  and  224.     They 

consist  of  the  lamp,  A,  the  reservcnr  of  compressed  hydrogen,  B,  and 
the  sampling  Teasel,  C,  in  whicli  the  sample  of  air  for  exumi nation  is 
collected.  The  lamp  is  shown  in  section  in  Fig.  224.  A  is  the 
hyilrogen  inlet-tube  with  the  regulating  valve,  B,  and  C  is  the 
hydrogen  jet.  D  is  the  inlet-tube,  for  the  sample  of  atmosphere  to 
be  tested.  The  bore  of  this  tuhe  is  greatly  contracted,  and  immediately 
above  the  point  at  which  this  tube  enters  the  base  of  the  lamp,  is  an 
arrangement  of  bsffles,  surmounted  by  three  discs  of  wire  gauze  of  at 
least  28  wires  per  lineal  inch,  or  not  less  than  784  oi)enings  per  square 


Fig.  223. 

inch,  the  flow  of  the  gaseous  mixture  to  the  flame  being  thus  regulated, 
and  passage  of  flame  into  the  collecting  vessel  being  i)revented.  The 
chimney,  £,  fits  air-tight  at  the  base,  but  is  capable  of  vertical  move- 
ment on  an  inuer  tube,  the  front  of  which  is  removed.  The  chimney 
is  partly  of  metal  and  partly  of  glusa,  the  metallic  portion  being 
blackened  inside,  and  on  the  glass  windon',  lines  corresponding  with 
varioiiB  heights  of  flame-caps  may  be  marked.  The  top  of  the  hy- 
drogen jet-tulw  is  10  mm.  (0'4  inch)  below  the  Ijottom  of  the  window. 
Attocljeil  to  the  base  of  the  lamp,  is  a  telescopic  support  for  a  cloth, 
which  onvelojies  the  head  of  the  observer  and  excludes  light  when  the 
testing  apparatus  is  used  in  an  iindarkened  room.  The  construction 
of  the  collecting-veasel  is  shown  in  section  in  Fig.  224.  A  is  the 
Gompreasion-pump,  which  is  furnished  with  a  metallic  spring-piston, 
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fitting  the  pump  cylinder  without  the  use  of  leather  or  other  material, 
and  lubricated  with  plumbago.  Surrounding  the  pump  ia  an  annular 
space,  in  which  the  sample  of  atmosphere  ia  stored.  B  is  a  collar  to 
which  may  be  attached  a  flexible  auction-tube  of  any  desired  length, 
C  is  a  cock,  to  which  is  connected  a  copper  tube  conveying  the  sample 
to  the  test  lam^i.  The  bore  of  this  oock  is  very  much  reduced.  D  is 
a  pressure  gauge,  and  E  a  spring  valve  lifting  at  30  Iba.  pressure.     F  F 


^^^^^ 


Fig.  284. 

are  hinged  brackets,  on  which  the  feet  of  the  operator  are  placed  while 
the  pump  is  being  worked.  A  handle  is  provided,  by  which  the  cylinder 
can  be  conveniently  carried.  The  capacity  of  the  pump  is  14-84  cubic 
inches,  and  of  the  annular  space  169-14  cubic  inches,  thirty  doable 
strokes  of  the  pump  being  required  to  charge  the  vessel  to  a  pressure 
of  30  lbs.  per  square  inch,  when  It  will  contain  ^  cubic  foot  of  the 
atmosphere  sampled.     It  is  desirable  that  the  colleoting-reuel  shonld 
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be  iitted  nith  a  relief  Talre,  as  the  apparatus  is  often  used  in  places 
in  which  the  dial  of  the  pressure  gauge  cannot  be  easily  seen.  The 
hydrogen  cylinder  maj  be  of  anj  desir^  size,  but  the  author  has  found 
that  what  is  known  as  a  5-feet  cylinder  is  of  convenient  dimensions. 
When  charged  to  the  usual  pressure  of  120  atmospheres,  it  holds 
enough  gas  to  supply  a  10-mm.  flame  for  ten  hours,  and  is  quite 
portable.  The  whole  apparatus  may  be  packed  into  two  small  boxes, 
and  may  thus  be  readily  taken  on  board  a  vessel. 

In  the  use  of  the  apparatus,  the  first  step  is  to  connect  the 
hydrogen  cylinder  with  the  lamp,  taking  care  that  the  unions  are 
screwed  up  gas-tight.  The  sliding  chimney  of  the  lamp  being  raised 
about  half  way,  the  gas  is  then  cautiously  turned  on  at  the  cylinder, 
the  regulating  valve  on  the  lamp  being  left  open,  and  a  light  is 
applied  to  the  hydrogen  jet.  The  valve  on  the  hydrogen  cylinder 
is  then  adjusted  so  as  to  give  a  flame  rather  more  than  10  millimetres 
(0*4  inch)  in  length,  and  the  lamp  chimney  pushed  down  until  there 
is  an  opening  of  only  about  a  quarter  of  an  inch  in  height  at  the 
bottom.  This  opening  is  left  for  the  supply  of  air  to  the  hydrogen 
flame  during  the  few  minutes  occupied  in  the  warming  of  the  chimney. 
As  soon  as  the  moisture  which  at  first  condenses  upon  the  cold  glass 
has  evaporated,  the  lamp  is  ready  for  use,  and  assuming  the  collecting 
yessel  to  have  been  already  charged  with  the  sample  to  be  tested, 
and  connected  with  the  lamp,  all  that  remains  is  for  the  observer 
to  completely  close  the  sliding  chimney  of  the  lamp,  adjust  the 
hydrogen  flame  by  means  of  the  regulating  valve  on  the  lamp,  so 
that  the  tip  of  the  flame  is  only  just  hidden  when  the  eye  of  the 
observer  is  on  a  level  with  the  bottom  of  the  window,  place  his  head 
under  a  cloth,  such  as  used  by  photographers,  so  as  to  exclude 
light,  and  as  soon  as  his  eyes  have  become  sufficiently  sensitive,  turn 
on  the  tap  of  the  collecting  cylinder,  and  carefully  observe  what 
takes  place  in  the  lamp-chimney.  The  tap  may  at  once  be  turned  on 
fully,  as  the  contraction  of  the  outlet  and  inlet  orifices,  already 
referred  to,  prevents  the  sudden  rushing  out  of  the  contents  of  the 
cylinder,  and  the  sample  will  be  gradually  delivered  into  the  test 
lamp  during  a  period  of  more  than  two  minutes,  whicli  is  ample  time 
for  noting  the  effect.  The  rate  of  delivery  is,  of  course,  a  gradually 
diminishing  one,  but  this  is  not  found  to  be  attended  with  any 
inconvenience,  the  conditions  being  the  same  in  each  experiment. 
In  this  way,  a  proportion  of  vapour,  considerably  below  that  which 
is  required  even  for  the  production  of  an  inflammable  mixture,  and 
still  lower  than  that  which  is  needed  to  give  an  explosive  atmosphere, 
may  be  detected  by  the  formation  of  a  flame-cap  of  greyish-blue  colour, 
which,  though  faint,  is  nevertheless  easily  seen,  especially  after  a 
little  practioe.  With  an  increase  in  the  quantity  of  vapour,  the 
jlame-cap  first  becomes  much  better  defined,  though  it  is  not  greatly 
augmented  in  size,  and  then  considerable  enlargement  of  the  cap 
oecurSy  this  condition  being  arrived  at  before  the  atmosphere  becomes 
inflammable.  The  autbor  and  bis  brother,  Mr.  T.  Home  Redwood,  have 
s«^eeedad  in  obtaining  photographs  of  flame-caps,  which  are  repro- 
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duced  in  the  frontispiece  to  Vol.  II.,  and  convey  an  accurate  impression 
of  what  the  observer  has  to  look  for  in  employing  the  hydrogen  flame 
in  the  quantitative  testing  of  air  containing,  or  suspected  to  contain, 
petroleum  vapour.  A  represents  the  standard  hydrogen  flame  burning 
in  air  free  from  petroleum  vapour,  and  B,  C,  D,  E,  and  F  show  the 
flame-caps  produced  when  the  vapour  of  0*75,  1  '5,  3,  5,  and  6  volumes 
of  pentane,  respectively,  are  mixed  with  100,000  volumes  of  air. 
In  each  case,  a  hydrogen  flame  10  mm.  (0*4  in.)  in  height  was  employed. 
In  taking  these  photographs,  the  lens  of  the  camera  was  placed 
equidistant  from  the  hydrogen  flame  and  the  sensitised  plate,  so 
as  to  give  an  image  of  true  size.  On  the  assumption  that,  in  these 
experiments,  the  theoretical  volume  of  vapour  was  obtained  froni 
the  pentane,  the  proportions  of  vapour  in  the  air  were  for  B, 
0*144  per  cent.;  for  C,  0*288  per  cent.;  for  D,  0*576  per  cent.;  for 
E,  0*96  per  cent.;  and  for  F,  1*15  per  cent.  Since  the  results  given  in 
the  section  on  Transport  and  Storage  (see  p.  512,  Table  LVIII.)  show 
that  the  vapour  of  6*65  volumes  of  pentane  in  100,000  volumes  of  air 
is  the  smallest  proportion  giving  an  inflammable  atmosphere,  and 
that  this  proportion  must  be  nearly  doubled  to  give  an  explosive 
mixture,  it  follows  that  the  proportion  which  furnished  the  flame- 
cap,  B,  was  about  one-ninth  of  that  necessary  for  the  formation  of 
a  combustible  mixture,  and  about  one-eighteenth  part  of  that  which 
produces  an  explosive  mixture.  The  test  is,  therefore,  a  delicate  one ; 
and  it  is  obvious  that,  if  the  interior  of  a  tank  or  other  space  be 
ventilated  until  a  sample  of  the  atmosphere  gives  no  flame-cap  with 
this  apparatus,  an  ample  margin  of  safety  will  be  provided. 

In  taking  a  sample  of  the  air  in  a  tank,  the  collecting  vessel  may 
be  used  in  the  tank,  if  the  proportion  of  vapour  present  is  known  to 
be  small,  but  even  in  such  cases  it  is  better  to  employ  a  short 
suction-tube,  the  open  end  of  which  can  be  placed  at  the  lowest  point 
in  the  tank,  where  most  vapour  would  probably  be  found.  If,  on 
the  other  hand,  the  atmosphere  of  the  tank  is  suspected  to  contain 
so  much  vapour  that  there  would  bo  danger  of  its  producing  insensi- 
bility when  taken  into  the  lungs,  and  especially  if  the  compartment 
is  entered  through  a  small  manhole,  it  would  obviously  be  most 
improper  that  anyone  should  be  sent  into  the  tank,  and  in  that  case 
the  sample  should  be  taken  by  the  use  of  a  long  suction-tube  reaching 
to  the  bottom.  It  is  evident  that  in  the  case  of  those  tank-steamships 
which  have  spaces  not  filled  with  oil,  but  in  which  oil  vapour  is  liable 
to  accumulate,  there  would  be  no  great  difficulty  in  having  a  system 
of  small  tubing  permanently  fitted,  which  would  admit  of  a  sample 
of  the  atmosphere  being  at  any  time  drawn  off"  by  means  of  the 
collecting  cylinder  in  a  part  of  the  ship  set  apart  for  the  purpose, 
so  that  a  periodical  testing  of  the  atmosphere  might  thus  be  eflected 
during  the  voyage  or  at  any  other  time. 
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BpecUke  GraTity. — Mineral  labricmting  oils  of  similar  cfaarmcter 
were  formerlj  graded  solelj  with  reference  to  their  densities,  bat  as 
it  has  been  shown  that  there  is  no  necessarr  relation  between  densitr 
and  labricating  ralne,  it  is  now  generaUj  accepted  that  the  deter- 
mination of  specific  gravitj  is  of  less  importance  than  that  of  viscoaitT. 
The  methods  of  ascertaining  the  specific  gravitj  of  oils  have  already 
been  snfficiently  referred  to. 

Colour. — In  the  case  of  what  are  known  as  "  pale  oils,''  exception 
is  taken  to  anj  marked  increase  in  the  ordinanr  depth  of  colour, 
although  as  yet  there  are  no  generally  accepted  standards  of  colour 
such  as  hare  been  fixed  for  kerosene.^ 

Iioribozid'a  Tintometer. — ^For  some  years,  the  Lovibond  tinto- 
meter ^  has  been  used  in  the  laboratory  of  the  author  for  determining 

the  colour  of  a  2>inch 
column  of  lubricating 
oils,  and  comparative  re- 
sults have  thus  been  fur- 
nished for  the  guidance 
of  the  trade.  The  instru- 
ment consists  of  a  covered 
trough  or  box  (Fig.  225) 
divided  longitudinally  by 
a  partition  terminating 
in  a  vertical  knife  edge 
opposite  an  eyepiece  fixed 
at  one  end,  two  channels 
being  thus  formed,  which 
slightly  diverge  from  the 
end  at  which  the  eyepiece 
is  placed.  The  oil  to  be 
examined  is  contained  in  a  rectangular  glass  cell  placed  in  one  of  the 
channels,  and  numbered  slips  of  stained  glass  of  known  depth  of  tint 
are  inserted  in  the  other  channel  until  the  colour  of  the  oil  is  matched. 
Determination  of  Flashing  Point  and  Fire  Test— Fensky's 
Instrument  for  High  Temperatures. — Pensky  was  the  first  to 
construct  a  testing  instrument  for  lubricating  oils,  which  resembles 
the  Abel  apparatus.  The  instrument  (Fig.  226)  consisted  of  a  metallic 
oil  cup,  fitted  with  a  stirrer,  C,  having  a  flexible  handle,  J,  and  two 
thermometers,  one  for  the  oil,  and  the  second  for  the  vapour  space. 
The  oil  being  poured  in  up  to  the  gauge,  F,  the  cnp  was  placed  in  a 
glass  beaker  containing  water,  the  temperature  of  which  was 
gradually  raised,  or  was  otherwise  heated,  a  uniform  temperature 
being  maintained  in  the  cup  by  the  aid  of  the  stirrer.     From  time 

1  In  Baku,  Stammer's  chromometer  (see  p.  547)  is  employed  in  recording  the 
colour  of  lubricating  oils. 

^Journ,  Soc.  Chem  Ind,,  1890, 10,  and  Patent  Specifications,  Nos.  12,807,  1886 ; 
3,859,  1887 ;  and  6,221,  1890. 
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to  time,  a  small  gas  flame  was  passed  over  an  opening,  L,  in  the  lid 
until  a  flasli  took  place.  If  the  oil  and  vapour  thermometers  did  not 
indicate  the  same  temperature,  the  mean  was  taken. 


Fig.  226. 


The  Fenekr-UartenB  Tester. — This  instrument  is  largely  em- 
ployed for  determining  the  flashiog  point  of  lubricating  oils  by  the 
close  test.  In  Fig.  227  the  apparatus  is  shown  with  the  test-flame 
in  position  for  igniting  the  vapour ;  the  cover  of  the  oil  cup  being 
shown  in  plan  and  side  view,  and  a  handle,  for  removing  the  oil  cup, 
in  the  separate  figures. 

Description  of  tlie  InatntmenL — The  cover  of  the  oO  cup  consists  aC 
two  parts — viz.,  the  portion  joined  to  the  rim,  and  an  upper  portioik 
which  revolves  through  a  small  arc.  In  each  portion  there  are  three- 
orifices,  the  central  one  being  twice  the  area  of  the  two  lateral  ones. 
These  ori&ces  may  be  made  to  coincide,  or  the  openings  may  be 
completely  closed,  according  to  the  relative  positions  of  the  two  por- 
tioas  of  the  cover.  The  lower  part  of  the  cover  is  fitted  witli  a 
vertical  rod  serving  as  a  support  to  a  tube.  This  tube  can  be  rotated 
upon  the  rod  by  turning  the  non-conducting  milled  head  at  the  upper 
end,  and  the  action  compresses  a  spring.    .At  the  lower  end,  the  tube 
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ia  provided  with  aa  arm,  which,  by  the  action  of  the  spring,  is  held 
agsiDBt  a  vertical  stud,  A  pin  projecting  downwards  from  tlie  arm, 
engages  with  a  slot  in  the  revolving  portion  of  the  cover,  and  on 
turaiag  the  milled  head,  the  openings  in  the  upper  portion  of  the 
cover  are  brought  over  those  in  the  lower  portion.  At  the  same  time, 
a  flange  projecting  from  the  edge  of  the  revolving  portion  of  the  cover 
ixunes  into  contact  witli  the  oscillating  test-jet,  and  this  is  depressed, 
so  that  at  the  same  moment  when  the  central  openings  coincide,  the 
test-flame  is  hrought  to 
the  orifice.  On  releasing 
the  pressure  requisite  to 
turn  the  milled  head,  the 
openings  in  the  cover 
are  again  closed  by  the 
action  of  the  spring,  and 
the  test- jet  is  brought 
back  to  tlie  horizontal 
position  by  the  weight  at 
the  opposite  end.  This 
weight  is  attached  to  a 
stem  forming  a  screw 
valve,  by  means  of  which 
the  rise  of  the  test-flame 
can  be  adjusted.  The 
gaa  is  supplied  through 
ft  lateral  tube  farming 
•Be  of  the  supports  on 
vbicfa  the  jet  oscillates, 
the  other  support  consist- 
ing at  a  small  stud.  In 
the  lower  part  of  the 
cover  of  the  cup,  there  is 
a  socket  for  a  thermo- 
meter, and  in  the  centre 
of  the  cover,  there  is  a 
tube  through  which  the 
stem  of  the  stirrer  passes. 
This  stirrer  is  provided 
with  a  pair  of  arms  working  in  the  oil,  and  a  smaller  pair  in  the 
vapour  space  above  the  oil.  It  is  revolved  by  means  of  a  flexible 
wire  stem.  The  oil  cup  is  furnished  with  a  pair  of  books  for  con- 
Tenienoe  in  removing  it  from  the  bath,  when  hot,  by  means  of 
the  forked  holder  shown.  The  beating  vessel  consists  of  a  cast 
iron  air  bath  with  an  annular  chamber  exposed  to  the  flame,  and  a 
bra«a  jacket,  which  serves  to  check  radiation.  The  jacket  is  separated 
from  the  iron  casting  by  a  considerable  space  at  the  sides  and  by 
a  distance  of  a  quarter  of  an  inch  at  the  top.  The  oil  cup  rests 
opon  the  jacket,  and  therefore  does  not  come  into  contact  with 
the  cast  iron.     Beneath  the  ba^  there  is  a  disc  of  wire  gause  which  ia 
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fitted  to  k  swinging  ann,  so  tlwt  it  may  be  turned  aaide  and  the  flame 
of  ft  Buneen  burner  allowed  to  impinge  Qpon  the  batb,  when  a  h^^ 
temperature  is  required. 

The  author  is  accustomed  to  regulate  the  flame  of  the  burner  so 
that  the  temperature  of  the  oil  rises  at  the  rate  of  about  10°  F.  per 
minute.  In  em- 
ploying this,  or  any 
other  form  of  cloae- 
test  instrumeat   i 

the  testing  of  lubri-  

eating  oils,  it  is  im-     t  i..— ^  '\'^\      **       Iji 

portant     that    the 

samples  should    be 

free  from  water,  as 

the    presence    of 

aqueous  vapour   in 

the    upper    part  of 

the  cup  prevents  the 

occurrence    of    the 

"flash." 

If  the  cover  of  the 
oil  cup  be  removed, 
the  apparatus  may 
be  employed  as  an 
open  cup  for  deter- 
miaing  the  flashing 
or  igniting  point,  a 
gas  fliune  not  more 
than  a  quarter  of 
an  inch  in  diameter, 
being  used  to  pro- 
duce the  ignition. 

Orsy'B  Tester. 
—Figs,  na  and  229 
show  Qray's  instru- 
ment for  determia- 
iog  the  flashing 
point  of  heavy  oils.* 
The  apparatus  c 
sists  of  a  brass 
cup  of  the  same 
dimensions  as  that 
employed  in  the 
Abel  instrument, 
supported  on  a  tri- 
pod  stand  and  covered  with  ft  tigfat-fitttng  lid  thrOTigb  which  pasaeB 
a  steel  shaft  carrying  on  the  end  within  the  cup,  two  stirrers,  one  Sor 
the  oil  and  the  other  for  the  vaponr.  The  upper  end  of  the  shaft  tei^ 
>  Jmrw.  Ste.  Okm.  /«L,  18S1,  tU. 
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minates  in  a  bevelled  wheel  engaging  with  another  similar  wheel  on  a 
hoiizontal  shaft  supported  by  two  bearings  and  rotated  by  a  handle 
fixed  in  an  ebonite  disc  on  its  further  extremity.  This  shaft  also 
carries  a  collar  from  which  project  two  pins  at  diametrically  opposite 
points.  These,  when  the  shaft  is  drawn  out  a  little  way  so  as  to  dis- 
engage the  bevel  wheels,  come  into  position  for  applying  the  test- 
flame.  In  the  lid  are  three  openings — one  immediately  in  front  of  the 
test-flame,  and  the  others  on  either  side  of  it.  The  sliding  cover  is 
pierced  with  two  orifices  corresponding  to  those  on  the  lid,  and  is 
kept  closed  (as  shown  in  Fig.  229)  by  a  spring  while  the  bevel  wheels 
are  in  gear.  On  drawing  back  the  shaft,  one  of  the  projecting  pins 
engages  with  the  horizontal  arm  of  an  iipright  rod  connected  with  the 
slide,  which  is  turned  round  when  the  handle  of  the  shaft  is  moved 
about  a  quarter  of  a  revolution,  the  openings  in  the  lid  being  thus  un- 
covered and  the  test-flame  simultaneously  applied.  Where  gas  is  not 
available  for  the  test-flame,  a  good  substitute  is  obtained  by  passing 
a  current  of  air  or  hydrogen  through  cotton  wool  or  other  absorbent 
material  saturated  with  gasoline. 

Direotions  for  Use. — The  following  are  the  directions  prescribed 
by  the  inventor : — The  oil  cup  being  filled  up  to  the  mark  inside  with 
the  oil  to  be  tested,  the  thermometer  is  placed  in  its  socket  and  heat  is 
applied  either  by  a  direct  flame  or  by  the  interposition  of  a  sand  bath. 
The  test-flame  is  adjusted  to  a  diameter  of  about  one-eighth  of  an  inch. 
During  the  heating,  the  stirrers  should  be  rotated  at  short  intervals, 
and  in  proportion  to  the  rate  at  which  heating  progresses.  When  the 
expected  flashing  point  is  approached,  the  heating  should  be  more 
gradual,  to  ensure  greater  accuracy  in  the  test ;  and  a  rough  test  to 
ascertain  this  point  may  be  first  made.  Observations  may  be  taken 
every  degree  or  half-degree,  giving  the  stirrer  a  few  turns  before  each. 
The  rate  of  heating  is  immaterial,  provided  it  is  not  too  rapid  to  allow 
of  readings  being  taken. 

The  Treumann  Tester.  —  The  Treumann  tester  (Fig.  230),  em- 
ployed for  determining  the  flashing  point  of  mineral  lubricating  oils 
on  the  German  State  railways,  is  thus  described  by  Kiinkler.^  The 
oil  cup  is  a  cylindrical  porcelain  crucible  4  centimetres  high,  and  of 
the  same  internal  diameter.  It  is  filled  with  the  oil  to  a  distance  of 
1  centimetre  from  the  top,  and  is  placed  on,  but  not  enveloped  by, 
a  layer  of  sand  1^  centimetre  deep,  in  a  hemispherical  iron  or  tin 
capsule  18  centimetres  in  diameter,  supported  on  a  tripod.  The  bulb 
of  a  thermometer  divided  between  100**  and  200°  C,  and  supported 
by  a  clamp,  is  completely  immersed  in  the  oil. 

Direotions  for  Use. — The  bath  is  slowly  heated,  especial  care 
being  exercised  when  the  temperature  exceeds  100°  C.  to  avoid  local 
heating ;  and  when  the  temperature  at  which  the  first  test  is  to  be 
made  has  been  reached,  the  test-flame,  which  is  10  centimetres  long 
and  is  supplied  with  gas  through  an  indiarubber  tube,  is  passed  hori- 
zontally backwards  and  forwards  over  the  oil,  so  that  it  is  exposed  to 
the  vapour  for  a  period  of  four  seconds  each  time.      Care  must  be 

'  Die  Maschinenschmierungaf  18W. 
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taken  that  the  flame  does  not  touch  the  oil  or  the  edge  of  the  oil  cup. 
The  test  is  applied  first  at  120°  C,  and  afterwards  at  intervals  of  5° 
until  145°  C.  is  reached.  Beyond  this  point,  it  is  repeated  at  intervals 
of  1°  until  a  momentary  flash  occurs. 

In  Fig.  230,  A  is  the  oil  cup;  B,  the  sand  hath;  C,  the  thermometer, 
supported  by  the  clamp,  S,  on  the  rod,  D ;  E,  the  tripod  stand ;  F,  the 
Bunsen    burner ;    and 
G,   the   test -jet.      In 

making  the  test,  it  is  ItIC 

recommended  that  the 
jet,  G,  should  be  rested 
upon  the  edge  of  the 
sand  bath,  and  the 
flame  moved  slowly 
and  regularly  once  for- 
wards and  backwards 
horizontally  over  the 
surfaceof  the  oil  during 
four  seconds,  without 
coming  into  contact 
with  the  oil  or  the 
walls  of  the  cup.  This 
system  of  testing  is 
referred  to  in  greater 
detail  in  the  MittheU- 
ungen  au8  den  konig- 
liclien  technischen  Ver- 
suclisanstalten  zu  Ber- 
lin, li&rausgegehen  im 
Auftrage  der  konig- 
liclien  A  ufsichta  -  Kom- 
mission,  1893,  part  iL, 
37,  and  certain  defects  Fig.  230. 

are  pointed  out,  pre- 
ference being  given  to  the  Pensky  tester. 

United  States  Fire-test. — In  the  United  States,  it  is  customary 
to  use,  in  ascertaining  the  fire-test,  a  shallow  open  metallic  cup,  sup- 
ported on  a  tripod  stand  and  heated  directly  by  the  flame  of  a  spirit 
lamp,  the  temperature  being  raised  at  the  rate  of  8°  F.  per  minute. 

Volatility  Test. — In  some  cases,  the  volatility  of  the  oil  is  tested 
by  noting  the  loss  of  weight  sustained  by  a  given  quantity  of  the  oil 
when  exposed  for  a  specified  length  of  time  in  a  shallow  vessel,  to  an 
elevated  temperature,  the  oil  being  sometimes  absorbed  by  filter-paper 
before  exposure  to  heat.  The  author  is  accustomed  to  expose  25 
grammes  for  twelve  hours  in  a  shallow  dish,  to  a  temperature  of 
150''  F.  in  the  case  of  engine  and  spindle  oils,  and  250''  F.  in  the 
case  of  cylinder  oils.  It  is,  however,  difficult  to  prescribe  any  con- 
ditions under  which  concordant  results  can  be  always  obtained,  and 
the  test  is  not  a  satisfactory  one,  according  to  the  author's  experience. 
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Lnbrioating  Talne. — The  lubricating  value  oi  an  oil  is  now  hbqaIIt' 
deduced  from  its  viscosity,  though  in  aome  cmcb,  frictional  testa  are 
made  with  machiDes 
which    will    be    de- 
scribed later. 

DetermlnatloB 
of  Tlaooslty. — 
Although  the  results 
afforded  by  the  use 
of  a  viscometer  are 
purely  arbitrary,  and 
the  viscosity  as  de- 
tennined  with  one 
form  of  viscomet«r 
is  not  usuallystrictly^ 
comparable  with  that 
ascertainedby  means 
of  another  of  differ- 
ent construction,  yet 
each  of  the  visco- 
meters generally 
employed  admits  of 
being  accurately 
Standardised,  so  that 
any  number  of  in- 
stmments  of  a  given 
form  may  be  con- 
structed to  give  prac- 
tically idectictJ  re- 
■ults.  Viscosity  is 
now  regarded  as  one 
of  the  most  import- 
ant characters  of  a 
mineral  lubricating 
oil,  and  several  forms 
of  apparatus  for  de- 
termining it  are  in 
use. 

The  Redwood  vis- 
cometer has  been 
adopted  by  the  War 
Department,  the 
principal  Railway 
Companies,  the 
Scottish  Mineral  Oil 
Association,  and  the  petroleum  trade  generally,  while  the  Engler 
viscometer  occupies  a  similar  position  in  Germany,  and  the  Saybolt 
viscometer  is  la.rge\j  used  in  the  United  States. 

SaMO^th'a  Appuatofl. — It  is  well  kaown  that  pnuAical  mea  hare 


fig.  331. 
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long  been  in  the  habit  of  making  a  rough  comparison  between  samples 
of  lubricating  oils  by  noting  the  length  of  time  occupied  in  the  flow  of 
a  given  quantity  over  the  surface  of  an  inclined  plate  of  glass.  Prob- 
ably the  first  instrument  constructed  for  carrying  out  this  test  with 
some  approach  to  precision  was  that  of  Nasmyth.^  The  apparatus 
consisted  of  a  plate  of  iron  4  inches  wide  and  6  feet  long,  provided 
with  six  similar  longitudinal  grooves  or  channels.  The  plate  was  fixed 
80  that  one  end  was  an  inch  higher  than  the  other,  and  the  oils  to  be 
compared  were  simultaneously  poured  in  equal  quantities  out  of  a  row 
of  small  brass  tubes  into  the  upper  ends  of  the  grooves,  the  rate  of 
flow  along  the  channels  being  carefully  noted. 

Albreoht's  Apparatus. — Dr.  M.  Albrecht^  improved  Nasmyth's 
apparatus,  by  suspending  in  a  frame  (see  Fig.  231),  above  the  upper  end 
of  the  channels,  calibrated  glass  tubes,  a,  terminating  in  fine  nozzles,  6, 
of  brass  exactly  over  the  centre  of  each  groove.  The  apertures  of  the 
nozzles  are  closed  by  fine  brass  wires  on  the  ends  of  rods,  c,  connected 
by  a  crossbar,  r/,  hanging  from  a  bar,  f^  which  is  adjustable  on  sup- 
ports, 6,  so  as  to  admit  of  being  lifted  simultaneously  at  the  commence- 
ment of  the  test,  and  replaced  when  a  determined  quantity  has  run 
from  each  tube. 

Fhillips'  Fluidimeter. — An  instrument  recently  devised  by  Mr. 
H.  Joshua  Phillips  for  determining  the  fluidity  or  viscosity  of  oils  at 
various  temperatures,  is  thus  described  by  the  inventor: — "The  instru- 
ment consists  of  a  copper  bath  14  inches  long,  9  inches  wide,  and  1^ 
inch  deep,  provided  with  a  stout  gun-metal  plate  containing  six  cups 
and  graduated  grooves.  It  is  swung  upon  elevated  bearings  from  two 
studs  projecting  from  the  centres  of  the  longitudinal  sides,  and  can  be 
fixed  by  means  of  thumbscrews.  A  protractor  is  fixed  to  the  side, 
with  an  index  upon  the  support,  and  the  bath  can  be  tilted  at  any 
desired  angle  to  or  from  the  operator.  At  the  top  of  the  bath,  are  two 
holes,  one  for  the  thermometer,  and  the  other  for  pouring  in  water  or 
oil  to  be  maintained  at  a  definite  temperature  by  a  Bunsen  burner. 
The  grooves  are  10  inches  long,  and  graduated  into  \  degrees.  The 
surface  is  nickel  plated,  and  a  stout  glass  plate  is  provided  as  a  pro- 
tection against  air  currents." 

Direotions  for  Use. — "Water  or  oil  having  been  run  into  the 
bath  at  any  desired  temperature,  a  small  Bunsen  burner  is  placed 
under  the  bath,  regulated  so  as  to  maintain  it  at  the  same  tempera- 
ture. The  oils  to  be  tested  are  poured  into  test-tubes  provided 
with  pipettes,  and  heated  in  a  bath  of  water  or  oil  until  the  desired 
temperature  is  attained.  The  bath  is  now  tilted  at  an  angle  of 
2^*  from  the  horizontal,  from  the  operator,  and  the  oils  run  into  the 
cups  until  they  reach  the  zero  mark  on  the  scale  about  an  inch  from 
the  cups.  The  glass  plate,  previously  warmed  to  about  the  same  tem- 
perature as  the  oils,  is  now  slid  on,  the  bath  tilted  at  any  desired 
angle  to  the  operator,  and  the  time  noted  that  the  oils  take  to  reach 
the  10-ioch  mark.    The  time  of  flow  of  the  oils  is  found  to  be  practically 

1  Mechank^s  Magazine,  1850,  liii,  313. 
*  Die  i^Amknmiiel.  AlbrwfU,  I87»,  la 
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inversely  proportional  to  the  angle  of  inclination,  provided  the  angle 
is  sufficiently  great,  or  the  temperature  sufficiently  high,  to  allow  the 
oils  to  run  quick  enough  to  minimise  errors  due  to  oxidation  or  cooling 
of  the  oil  hy  air  currents.  This  seeming  deviation  from  the  laws  of 
gravitation  is,  of  course,  due  to  the  decrease  of  acceleration  consequent 
upon  the  loss  of  "  head  "  and  gradual  loss  in  weight  of  the  oil  as  it 
flows  to  the  terminus.  For  instance,  the  following  results  were  ob> 
tained  with  pure  rape  oil  at  a  temperature  of  180**  F. : — 


Angle. 

Distance. 

Time  in  Sees. 

2A» 

6* 

10' 

10  inches 
10       „ 
10      „ 

33 

16 

8 

''A  sample  of  mineral  engine  oil  gave 


Angle. 

DiftMice. 

100"  F. 

140'F. 

180*  F. 

6^ 

10  inches 
10      „ 

160 
79 

60 
30 

28 
14 

"  From  these  results,  it  would  appear  that  the  time  of  flow  could  he 
calculated  for  any  desired  angle  from  one  determination  at  a  definite 
angle.  The  following  results  were  obtained  in  comparing  the  viscosity 
of  pure  rape  oil  at  different  temi)eratures  with  Bedwooas  viscometer, 
assuming  the  rate  of  flow  to  be  1  at  180°  F. : — 


At 

Phillips' 
Fluidimeter. 

Redwood's 
Viscometer. 

loO    r»        *          .          •          k 

140"  F 

100"  F 

60"  F 

1-00 
1-69 
3-19 
7-60 

1-00 
1-56 
314 
7-37 

"  The  great  advantage  the  writer  (Mr,  Phillips)  has  found  in  using 
the  instrument  is  that  in  cases  where  several  oils  have  to  be  examined 
and  to  bo  compared  with  a  standard,  a  great  saving  of  time  is  efibcted, 
inasmuch  as  all  oils  that  do  not  approach  the  standard  in  fluidity  can 
be  discarded,  and  an  exhaustive  examination  made  only  of  the  oils 
that  agree  in  fluidity  with  the  standard.'* 

Pipette  Viscometers. — The  simplest  instrument  for  determining 
the  viscoHity  of  an  oil  consists  of  a  glass  pipette  which  is  filled  to  a 
mark  in  the  nock  and  allowed  to  discharge  its  contents.  The  relation 
l>etween  the  time  of  outflow  of  the  sample  and  that  of  a  standard  oil, 
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indicates  the  viscosity  of  the  sample  in  terms  of  the  standard.  It  is, 
however,  difficult  to  standardise  such  pipettes,  since  the  form  of  the 
constriction,  apart  from  the  size  of  the  opening,  affects  the  result,  and 
different  pipettes  standardised  with  an  oil  of  a  certain  viscosity,  do 
not  necessarily  give  concordant  results  with  an  oil  of  very  different 
viscosity.  The  maintenance  of  the  required  temperature  of  a  sample 
in  a  glass  pipette  is  also  not  easily  effected.  For  these  reasons,  the 
jacketed  glass  Yisoometers  of  Veitoh-Wilson,  M^Ivor,  and 
Saoker  have  not  been  found  to  give  sufficiently  accurate  results. 

Napier's  Visoometer. — The  advisability  of  reducing  the  observed 
viscosity  to  a  standard  density,  appears  to  have  been  first  suggested  by 
Mr.  Napier,  of  Glasgow.  In  his  instrument,  the  oil  cylinder  consisted 
of  two  parts  connected  by  a  flexible  tube.  The  upper  part  was  so 
supported  that  it  could  be  placed  at  a  given  height  on  a  fixed  scale, 
according  to  the  specific  gravity  of  the  oil,  and  was  provided  with  an 
overflow  pipe,  so  that,  by  using  a  reservoir  with  a  stopcock,  a  slight 
continuous  overflow  could  be  produced,  and  the  oil  level  thus  kept 
constant. 

Mason's  Viscometer. — In  the  Chemical  News  for  October  31, 1884, 
Professor  W.  P.  Mason,  of  Troy,  N.Y.,  gave  the  following  particulars 
of  a  viscometer  in  which  the  column  of  the  oil  could  be  so  adjusted 
in  height  as  to  be  inversely  proportional  to  the  specific  gravity,  and 
could  be  maintained  at  that  height  during  the  experiment : — 

A  glass  cylinder  22  inches  (55-9  cm.)  long,  \\  inch  (3'18  cm.) 
diameter,  ha^  a  brass  plate  on  the  lower  end  an  eighth  of  an  inch 
(0*318  cm.)  thick.  An  orifice  is  bored  in  the  centre  of  the  plate 
-^^  inch  (0  0794  cm.)  in  diameter,  with  bevelled  edges,  chamfered  back 
half  an  inch  (1*27  cm.),  thus  producing  a  sharp-edged  orifice.  A  line 
marking  the  18-inch  (45*72  cm.)  level  is  cut  on  the  glass,  with  several 
finer  lines  above  and  below,  an  eighth  of  an  inch  (0*318  cm.)  apart, 
ranging  from  16  to  21  inches  (40*64  to  53*34  cm.)  above  the  ori- 
fice. The  standard  temperature  is  usually  60**  F.  (15*5**  C).  A  total 
flow  of  6*103  cubic  inches  (100  c.c.)  is  recorded,  after  adjusting  the 
supply  so  that  the  head  shall  be  as  nearly  as  possible  equal  to 
18  inches  (45*72  cm.)  of  water,  determining  this  head  by  calculation 
from  the  specific  gravity  of  the  oil.  The  rule  for  obtaining  the 
viscosity  is  to  note  the  time  required  to  discharge  the  100  c.c.  (6*103 
cubic  inches),  and  divide  this  time  by  that  required  where  water  under 
a  head  of  18  inches  (45*72  cm.)  is  used.  This  ratio  is  the  measure  of 
the  viscosity. 

Bedwood's  Viscometer. — The  Redwood  viscometer  (Figs.  232  and 
233)  is  a  modification,  designed  by  the  author  in  1885,  of  the  instru- 
ment formerly  used  at  the  Battersea  Works  of  Price*s  Patent  Candle 
Company.  It  consists  of  a  silvered  copper  oil  cylinder,  about  1|  inch 
in  diameter  and  3^  inches  in  depth,  furnished  with  an  agate  jet  fitted 
into  a  slightly  conical  metal  seating.  The  cylinder  is  fixed  in  a  brazed 
copper  water  bath  provided  with  a  copper  heating  tube  projecting  at 
an  angle  of  45**  from  the  side  near  the  bottom,  as  well  as  with  a 
revolving  agitator  carrying  a  curved  shield  to  prevent  splashing,  and 
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ft  thermometer  to  indicate  the  temperature  of  the  liquid  in  the  bftth. 
The  oil  cylinder  has  a  stopper  conusting  of  a  small  brasa  sphere  which 
reite  in  a  hemispherical  cavity  in  the  agate  jet.  The  sphere  is  attached 
to  a  wire  hy  mean^  of  which  it  is  raised  and  suspended  from  a.  standard 
which  supports  a  thermometer  in  the  oil.  Inside  the  oil  cylinder,  and 
at  a  short  distance  from  the  top,  is  fixed  a  small  bracket  terminating 
in  an  upturned  point,  which  serves  aa  a  gauge  of  the  height  to  which 
the  cylinder  is  filled.     The  inatrumest  is  supported  on  a  tripod 


Fig.  232. 


stand,  furnished  with  levelling  screws.  Great  care  is  taken  in  the 
conRtructien  of  the  agate  jets  to  secure  uniformity,  and  any  small 
difierences  in  the  rate  of  flow,  are  corrected  by  slightly  altering 
the  position  of  the  pointed  bracket  in  the  oil  cylinder.  The  in- 
struments are  thus  all  standardised.  The  viscometer  is  used  in 
the  following  manner : — The  bath  is  filled  with  a  suitable  liquid 
to  a  height  corresponding  with  the  point  of  the  bracket  in  the  oil 
cylinder.  Water  may  be  used  for  temperatures  up  to  200°  F.,  and  a 
baavy  mineial  oil  for  higher  temperatures.     The  liquid  being  at  the 
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required  temperature^  the  oil  to  be  tested,  which  may  previously  be 
brought  to  the  same  temperature,  is  poured  into  the  inner  cylinder 
until  its  level  just  reaches  the  point  of  the  gauge.  A  narrow-necked 
flask,  holding  50  c.c.  to  a  point  marked  on  the  neck,  is  placed  beneath 
the  jet,  in  a  vessel  containing  a  liquid  of  the  same  temperature  as  the 
oil.  The  ball  valve  is  then  raised,  a  stop  watch  at  the  same  time 
started,  and  the  number  of  seconds  occupied  by  the  outflow  of  50  c.c. 
noted.  When  oils  are  being  tested  at  a  temperature  much  above  that 
of  the  laboratory,  a  gas  flame  is  applied  to  the  heating  tube,  and  the 
agitator  kept  in  gentle  motion  throughout  the  experiment.  The 
maintenance  of  the  exact  required  temperature  of  the  oil  is  thus,  after 
a  little  practice,  rendered  easy.  It  is  important  that  the  apparatus 
should  stand  perfectly  level,  and  that  the  oil  should  be  free  from  dirt, 
water,  or  other  suspended  matters.  In  order  to  express  the  results  in 
terms  of  the  viscosity  of  rape  oil  at  60°  F.,  the  standard  used  with 
this  instrument,  the  number  of  seconds  occupied  by  the  outflow  of 
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Fig.  233. 

50c.c.  of  the  oil  is  multiplied  by  100  and  divided  by  535,  the  averager 
number  of  seconds  occupied  by  the  outflow  of  50  c.c.  of  rape  oil  at 
60*  F.  from  the  apparatus.  The  result  is  multiplied  by  the  specific 
gravity  of  the  oil  at  the  temperature  of  testing,  and  divided  by  0*915, 
the  specific  gravity  of  refined  rape  oil  at  60°  F.,  a  correction  being 
thus  made  for  the  difierence  in  the  specific  gravities  of  the  two  oils. 
The  time  occupied  in  the  outflow  of  50  c.c.  of  water,  at  60'  F.,  is  25*5 
seconds. 

The  author  attaches  considerable  importance  to  the  employment  of 
agate  in  the  construction  of  the  jet,  as  this  material  is  not  liable  to 
become  worn  or  injured,  even  if  the  instrument  is  subjected  to  some- 
what rough  usage.  He  has  had  one  of  these  viscometers  in  almost 
daily  use  in  his  laboratory  at  temperatures  ranging  from  70**  to  250* 
F.  for  the  past  ten  years  and  the  jet  shows  no  sign  of  wear.  He  also 
regards  the  provision  of  an  eflective  stirrer  for  the  bath  as  highly 
desirable,  for  it  is  essential  that  the  temperature  of  the  oil  subjected 
to  the  test  should  be  most  accurately  adjusted  and  maintained.     la 
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tbe  original  stendanluiiig  of  the  instrument,  ilight  dep*rtnr«s  from  tbe 
■taadard  size  of  the  orifice  ma;  be  corrected  hy  placing  the  gange 
prant  a  little  higher  or  lower.  If^  however,  there  be  anr  considerable 
deriation  from  the  model,  especially  in  respect  to  tbe  height  of  the 
eolnroo  of  oil,  the  instrament  may  be  staadardised  to  give  the  same 
resnlts  as  the  pattern  with  a  certain  oil,  hot  will  not  necessarily 
fbmisb  concordant  results  with  another  oil  of  different  viscosity. 

Bntfer'a  Viscometar. — Tbe  following  description  of  the  Engler 
wucometer  ii  derived  from  the  ZtiU.  f.  cmgete.  ChemU  of  1892,  and 
from  Dingier' t  poiiftedt- 
niscAet  Journal,  1892, 

In   1884,  at  the  re- 
quest of  the  Tari/Kom- 
minion    der    t/euiiehen 
fi««n&aAn«n    (Com- 
■T      mittep  of  the  German 
I      State  Railwsys).  Dr.  C. 
Engler     experimented 
■^      with  a  view  to  the  con- 
struction of  a  viscosity 
I      instrument  for  mineral 
I      lubricating    oils,     and 
his    apparatus    was 
adopted   by  the  Kom- 
mitrion  in  their  report 
of  3l8t  May,   1884,  as 
the  official   test  on  tbe 
railways.      An  account 
of  i: 


'   gl*' 


n  the 
a  the 


Fig.  234. 


inventors  paper  ii 
Chemiker  Zeitung,  no. 
11  of  18S5,  1st  Feb. 

Complaints  having 
arisen  with  regard  to 
the  irregular  results 
yielded  by  the  instru- 
ments of  different 
makers,  whichalthough 


professedly  standardised,  exhibited  fundamental  departures  from 
original  model,  Dr.  Engler,  in  1892,  brought  out  the  improved  form 
shown  in  the  figure,  and  stated  that  the  only  instruments  which 
would  in  future  be  recognised  as  normal  were  those  made  by  C. 
Des^u,  of  Heidelberg,  and  bearing  the  standardising  mark  of  the 
Grand  Ducal  Techno-chemical  Testing  and  Experimental  Institution 
in  Carlsmhe.  Tbe  apparatus  (Fig.  234)  is  provided  with  an  oil  cup, 
A,  of  brass,  closed  by  a  lid,  Aj.  The  oil  cup  ia  of  the  dimensions 
given  in  tbe  figure,  and  its  inner  sor&ce  is  gilt.  In  the  centre  of  the 
convex  bottom  of  tbe  oil  cup,  is  an  oatfiow  tnbe,  a,  of  platinum  (brass 
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being  attacked  by  the  oil  after  being  some  time  in  use)  20  mm.  long 
and  2 '9  mm.  internal  diameter  at  the  top,  decreasing  to  2*8  mm.  at  the 
outlet.  This  tube  can  be  closed  by  a  pointed  rod,  b,  of  hard  wood, 
introduced  through  the  lid  of  the  cup.  Three  small  pointed  studs,  c, 
turned  up  at  right  angles,^  on  the  walls  of  the  cup,  serve  to  indicate 
the  surfJEtce  level  of  the  oil,  marking  a  capacity  of  240  c.c,  and  also 
show  whether  the  apparatus  is  properly  adjusted  as  regards  level.  A 
thermometer,  t,  is  inserted  in  the  lid  to  register  the  temperature  of 
the  oil.  The  oil  cup  is  fixed  in  an  open  oil  bath,  B^  containing  a 
thermometer,  ty  The  oil  bath  is  supported  by  a  tripod  stand,  and  is 
heated  by  means  of  a  ring  burner.  A  measuring  glass,  0,  marked  at 
200  c.c.  and  at  240  c.c.  is  placed  exactly  below  the  pipe,  a. 

To  ensure  the  attainment  of  satisfactory  results,  the  dimensions 
given  must  be  strictly  adhered  to,  for,  although  the  error  caused  by 
altering  some  of  them  can  be  corrected,  so  far  as  the  flow  of  water  at 
20®  C.  is  concerned,  by  varying  the  length  of  the  pipe,  a,  the  correction 
is  of  no  value  for  oils  at  other  temperatures,  and  the  difference  in 
result  between  such  instruments  and  one  of  standard  dimensions 
increases  with  the  viscosity  of  tl\e  oil  tested. 

Every  instrument,  even  when  standardised,  should  be  tested  before 
using  the  first  time,  and  again  after  having  been  some  time  in  use, 
by  carefully  rinsing  out  the  cup  with  ether,  alcohol,  and  water,  in 
succession,  carefully  drying  the  outflow  pipe  with  a  strip  of  filter 
paper,  and  observing  the  time  required  for  the  outflow  of  200  c.c.  of 
water  maintained  at  20"  C.  The  water  should  be  quite  free  from  any 
rotary  motion  before  the  vent  peg  is  withdrawn.  The  time  should 
be  51  to  53  seconds,  and  the  test  should  be  twice  repeated.  The 
difference  should  not  exceed  0*5  second,  and  the  decimals  of  the 
average  are  counted  as  one  second.  To  test  oils,  the  cup  must  be 
most  carefully  cleansed  of  all  damp  and  dirt,  rinsed  with  alcohol, 
ether,  and  petroleum  in  succession,  and  then  filled  with  the  oil  up  to  the 
gauge  points.  The  oil  having  been  brought  to  the  desired  temperature 
by  heating  the  oil  bath,  and  maintained  at  that  point  for  two  or  three 
minutes,  the  peg  is  withdrawn,  and  the  outflow  timed  by  a  good 
chronometer.  The  result  in  seconds,  divided  by  the  rate  for  water 
at  20"  0.,  gives  the  viscosity  of  the  oil,  e.g, — 

Rate  of  flow  of  oil,  276  seconds. 

water  at  20*"  C,  53  seconds.    Result  a  5*2. 


i>  »i 


Oil  containing  suspended  particles,  solid  matter,  or  water,  must  be 
filtered  or  dried  before  testing. 

Saybolt's  Visoometer. — In  the  Saybolt  viscometer  (Fig.  235) 
the  oil  vessel  is  placed  in  a  water  bath  of  considerable  capacity. 
The  jet  of  the  viscometer  is  of  metal  and  is  enclosed  in  a  tube  extend- 
ing below  the  orifice.  The  oil  vessel  is  contracted,  as  shown,  above 
the  jet,  and  is  cut  away  longitudinally  on  each  side,  to  expose  a  glass 
tube  which  lines  it.     Glass  windows  are  provided  in  the  water  bath. 

^  These  studs  should  have  been  represented  in  the  figure  as  pointing  vertically 
upwards. 

39 
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Hie  opper  edge  of  the  oil  tcmcI  is  fitted  with  an  oil4i^t  |^ 
having  &  raiiied  edge,  bud  oummunicatiDg  with  the  oil  Teu^  'wlnia 
extends  to  the  ume  level  ac  the  to^ 
uf  the  gallery,  br  a  number  td  Kinall 
Lolei.  In  tuing  the  apfiaratns.  'dv 
water  bath  is  filled  wiifa  water  ^ 
the  required  t«niperatiire,  and  a  oi^ 
Laving  been  inBerted  in  the  monlk 
of  the  tube  enclosing  the  jet,  tlie  oil 
vessel  is  filled  with  tlie  sample  Co  he 
teet«d  until  oierflow  occurs  throng 
the  holes  into  the  gallerj.  The  ml 
ia  then  stirred  with  a  thennometer 
and  the  temperature  adjusted  if 
necessary.  On  withdrawing  tiw 
thennomet«r,  the  oil  wMch  it  bad 
disjilaced  flows  back  from  the  gallery, 
which  is  then  emptied  b_v  means  of 
a  pipette.  The  length  of  the  ool 
colmnn  is  of  course  determined  by 
^p.  the  position  of  the  holes  connectaag 

!&     J  ^?*?=       the  oil  vessel  with  the  gallerj-.     The 

Jf^^  flow  of  oil  from  the  jet  is  started  by 

Fig,  235.  withdrawing  the  cork,  and  a  stop- 

watch is  set  in  motion.  The  watdi 
■a  stopiied  wht^n  the  operator  sees  the  surface  of  the  oil  through  the 
glau  luhi-  al»>vf  itit-ntioned. 

Comparison  of  Results. — The  relation  between  the  results  afibrdad 
by  tli<-  ixHti'uiiientR  last  described,  is  not  precisely  the  same  with  all 
■111*,  but  is  n I  iproxi mutely  as  shown  in  the  following  table,  which  is 
bsMHl  upon  A  ininilH-r  of  rxperinients  made  in  the  author's  laboratory: — 


knI  Vi. 


5G 


Xnclor  snd  Kiinklor's  Hodlfloation. — In  order  to  overcome  tho 
objfvtioii  I'l  til''  Kuftl'T  vi«r«mi>ior  when  used  at  high  temp;  rat uras, 
thai  till'  I'liil  of  \\\f  I'lUllow  tulw  is  li*lilp  tn  cool  Itelow  the  tempera- 
ture nvonlrd.  KiiffliTiini)  Kunklerde%isM  the  foDowini;  apparatus': — 
The  awuit  enKJiiK  (m'c  Kipi.  'J.1T  and  S.'^S)  is  of  ix^agonal  ceotion,  and  is 
,tn  centinictrcH  liiffli  ntid'  :!0  wide.  It  is  made  of  stout  brass  plate,  and 
ia  double  wallctL  1 1  nUuda  on  four  triangular  feet,  n,  the  slanting  sides 
'  /MuffJct '■  jnUfflfch.  JiMmt.,  1890,  cclxvvi,,  <£!. 
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of  which  rest  on  the  inner  edge  of  the  ring  of  a  tripod  stand,  so  thftt 

the  iostrnmenl  is  easily  levelled.    On  the  bottom,  is  screwed  a  concave 

copper  heating  plate,  b,  for  distributing  the  beat  from  a  Banaen  flame. 

A  tripod,  e,  resting  on  this  plate  supports  a  graduated  receiving  flask,  e, 

protected  by  asbestos  cloth,  /,  and  above  this  is  placed  a  horizontal 

plate,  g,  having  a  cgg^^^jimtnre,  h,  for  the  descending  oil,  and  fonr 

*"  'ng  up  to  the  level  of  the  oil  cup  and 

3ute  the  heat.     The  oil  cup,  k,  rests  on 

ite,  and  is  fitted  with  a  thermometer,  s ; 

stirrer,  p,  moved    by  a  handle,  o,  above 

a  revolution,  so  as  not  to  interfere  with 


Tig.  238. 

<d  rod,  I,  for  closing  the  outflow  tube — 
ometer,  u,  for  the  air  chamber,  project 
,  iratofl. 
ine  stirrer  can  be  lifted  out  of  the  oil  and  supported  by  a  projecting 
pin  when  not  in  use.     There  are  two  windows,  m,  on  opposite  sides, 
level  with  the  top  of  the  oil  cup,  and  two  double  windows,  I,  on  oppo- 
site sides  of  the  lower  chamber.     The  oil,  before  being  placed  in  the 
viscometer,  is  warmed  to  the  required  degree  in  a  double-walled  can 
(Fig.  236),  fitted  with  a  thermometer  and  a  stirrer,  x.     The  blades  of 
the  stirrer  are  fixed  at  different  heights  ou  the  spindle,  so  as  to  pro- 
mote circulation  of  the  oil  from  below  upwards.     The  bottom  of  the 
can  is  covered  with  asbestos  cloth.     It  was  found  by  the  inventors 
that  up  to  100°  C.  the  distribstion  of  heat  over  the  interior  of  the 


:6l2 


TESTING  OF  PETROLEUM,   ETC. 


apparatus  was  regular,  with  the  exception  of  the  Btagnaat  layer  of 
air  at  the  bottom  of  the  visconieter,  which  was  a  few  degrees  lower. 
The  latter  condition  was  also  observed  at  temperatures  above  100°  C. 
in  increasing  degree,  amounting  to  4°  at  150°  C,  but  the  difference 
was  not  found  to  affect  the  result  of  the  test. 

The  receiving  glass  being  placed  on  its  stand  and  the  homontal 
plate  and  viscometer  inserted  in  the  case,  the  lid  is  fixed  in  position, 
care  being  taken  that  the  marks  on  the  lid,  viscometer,  and  plate, 
correspond  with  the  mark  on  the  edge  of  the  case.  Tbe  air  chamber 
thermometer  is  inserted  so  that  its  bulb  almost  touches  the  visco- 
meter, and  the  bulb  of  the  oil  thermometer  is  also  lowered  as  far  as 
possible  without  touching  the  bottom  of  the  cup.  The  filling  tube, 
stirrer,  and  vent  stopper  are  all  placed  in  position,  and  after  levelling 
tbe  apparatus  by  the  plumb  line  at  the  side,  heat  is  rapidly  applied 
until  four-fifths  of  the  desired  temperature  is  reached,  when  the  flame 
ig  continuously  decreased  till  the  right  degree  is  attained  and  remains 
constant,  as  indicated  by  the  air  chamber  thermometer. 

Meanwhile,  tbe  beating  can  has  been  filled  with  oil  nearly  up  to  the 
mark,  and  carefully  heated  to  the  proper  temperature,  the  stirrer 
being  meanwhile  moved  in  the  direction  of  an  arrow  on  tbe  lid,  and 
is  then  filled  quite  up  to  the  mark.  When  both  oil  and  apparatus 
are  at  the  right  temperature,  the  former  is  quickly  poured  into 
the  viscometer,  and  the  filling  tube  is  closed.  After  ascertaining 
that  tbe  oil  reaches  exactly  up  to  the  mark,  the  stirrer  is  moved 
(holding  the  vent  peg  in  position 
G  during  this  operation),  and  when  the 

temperature  is  regist«red  as  correct, 
tbe  stirrer  is  drawn  up  and  suspended 
by  its  side  pin,  and  the  vent  peg  is 
withdrawn,  the  hole  in  the  stirrer 
knob  being  closed  by  a  peg  provided 
for  that  purpose.  The  time  required 
for  the  passive  of  200  c.c.  of  the  oil 
from  the  cup  into  the  receiving  glass, 
is  the  measure  of  the  viscosity.  It  is 
well  to  allow  the  oil  to  exceed  the 
required  temperature  by  J'  or  J° 
before  pouring  it  into  the  viscometer. 
If  a  little  too  hot,  it  may  be  cooled 
by  slightly  reducing  the  temperature 
of  the  air  chamber.  It  is  important 
that  the  oil  should  not  be  heated  or 
cooled  too  rapidly,  as  either  affects  its 
temperature  during  the  transfer  to  the 
apparatus,  and  the  stirrer  should  be 
well  worked  before  reading  the  temperature  or  pouring  out  the  oil. 

Engler-Eilnkler-Uartecs'  Viscometer. — The  Engler-Kiinkler  vis- 
cometer has  been  further  modified  by  Martens,  as  shown  in  Fig.  239,' 
1  See  ZtiU.  f.  awxl.  Chanie.,  1893,  583. 


Fig.  239. 
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The  oil  cup,  A,  stands  on  a  tripod  in  a  double-walled  chamber,  6^ 
having  a  glass  door,  D,  at  the  back,  and  a  glass  disc  in  the  front.  The 
air  bath  is  heated  by  a  curved  burner,  E,  placed  beneath  wings,  F,  on 
the  chamber,  B.  Thermometers,  H,  T,  indicate  the  temperature  of  the 
oil  and  air.  The  oil  is  stirred  by  a  platinum  wire,  K.  The  temperature 
may  be  regulated  by  temporarily  opening  the  door,  D.  The  oil  is 
allowed  to  flow  out  by  raising  a  stopper  attached  to  a  rod,  G.  This 
apparatus  is  readily  cleansed,  and  being  wholly  contained  in  the  air 
bath,  there  is  no  risk  of  the  oil  being  cooled  as  it  flows  from  the 
vessel,  A. 

Eliinkler's  Modification. — A.  Kiinkler  ^  has  devised  a  modification 
of  the  Engler  viscometer  for  use  at  low  temperatures.  The  oil  cup, 
6  centimetres  in  diameter,  and  containing,  up  to  a  mark,  75  cc, 
rests  on  four  feet  in  a  refrigerating  bath.  The  outflow  tube  is 
20  mm.  long  and  7  mm.  wide,  and  can  be  closed  by  a  pointed  rod 
projecting  through  the  lid.  The  draining  pipe  of  the  cooling  bath  is 
fitted  with  a  pinch-cock.  The  whole  rests  on  a  truncated  metal  cone, 
which  contains  a  graduated  receiving  glass  of  50  c.c.  capacity,  and 
serves  to  protect  the  outflow  tube  from  external  heat.  Two  side 
windows  admit  of  the  inspection  of  the  course  of  the  test.  The 
apparatus  is  levelled  by  set  screws.  The  instrument  is  standardised 
by  observing  the  rate  of  outflow  of  glycerine,  of  1  *200  specific  gravity 
(  =  24**  Baum^)  at  17*0'  C,  previously  cooled  to  0'  C,  and  allowed  to 
stand  five  minutes  in  the  oil  cup  before  testing,  the  outside  bath  being 
filled  with  ice  water.     The  test  is  applied  as  follows : — 

Oil  at  17**  C.  is  poured  in  up  to  the  mark,  the  lid  is  closed,  and  a 
refrigerating  mixture  giving  a  lower  temperature  than  that  required 
for  the  experiment,  is  placed  in  the  bath.  The  oil  is  then  stirred  with 
the  thermometer  until  the  requisite  temperature  is  reached,  where- 
upon the  cup  is  closed,  and  water  is  poured  into  the  bath  until  that  is 
also  of  the  same  temperature.  The  temperature  is  carefully  main- 
tained throughout  the  test,  by  the  application  of  water  or  cooling 
mixture,  keeping  the  liquid  up  to  within  1  to  1*5  cm.  of  the  lip  of 
the  bath.  An  hour  is  allowed  to  expire  before  the  oil  is  run  out- 
The  time  required  for  50  c.c.  of  the  oil  to  run  through,  is  compared 
with  the  glycerine  standard. 

EtLnkler's  Viscometer  for  Greases. — Kiinkler^  has  devised  the 
following  instrument  (Fig.  240)  for  comparing  the  relative  consistency 
of  machine  greases  by  their  rate  of  flow  under  a  given  temperature 
(usually  50**  C.)  and  pressure.  It  is  made  of  brass,  and  has  a  water 
bath,  a,  which  can  be  maintained  at  a  constant  temperature  by 
heating  a  side  chamber,  g.  In  the  centre  is  fixed  a  cylindrical 
vessel,  bj  terminating  in  a  small  tube,  d,  6  mm.  in  diameter,  and  15 
mm.  long,  projecting  through  the  bottom  of  the  bath.  The  bath 
is  provided  with  a  thermometer,  /,  A  tube,  c,  30  mm,  in  diameter 
and    150  mm.  in  length,  fitting  into   the   cylinder,  b,  contains  the 

^  Zeits,  /.  anal.  Chentie.t  1893,  xxxi.,  586. 

^Chem.  und  Tech,  Zeitung,  xi,  No.  21,  670-672;  see  also  K tinkler's  MoKhinen- 
schmkrungf  die  Schmiermittel  und  ihre  Untertmchung,  published  in  Mannheim,  1894. 
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grease  to  be  teatod.  A  piston,  e,  75  mm.  in  length,  and  consisting 
of  two  circular  plates  29  mm.  in  diameter  connected  by  a  rod, 
slides  in  tbe  tube,  e,  and  presses  the  grease  through  the  tube,  d.  The 
piston  is  continued  above  the  apper  plate  as  a  tube,  o,  which,  by 


means  of  a  guide  strip  fitting  in  a  groove,  n,  is  kept  perpendicular. 
On  the  upper  end  of  the  tube,  c,  fits  a  cap,  /t,  with  two  oppo- 
ute  inward  projections,  i,  its  movement  being  restricted  by  a  project- 
ing stud  fitting  in  a  stot,  m.    The  tube,  o,  is  provided  with  four 
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projecting  studs,  two  upper,  ly  and  two  lower,  k,  which  rest  on  the 
projections,  i.  The  tube  is  thus  supported  by  the  lower  studs  until 
the  test  is  commenced,  when  on  being  slightly  turned,  it  is  free  to 
descend  until  its  movement  is  arrested  by  the  upper  studs.  The 
two  pairs  of  studs  are  55  mm.  apart.  In  die  tube,  a,  aa 
upright  rod,  p,  terminating  below  in  a  plate,  serves  to  hold  in  place 
the  weights,  r,  r,  r,  r,  r  (3  of  200  grammes,  1  of  100  grammes,  and 
1  of  50  grammes).  The  weight  of  the  piston  and  the  rod,  p,  is  170 
grammes.  As  the  consistency  of  greases  is  greatly  affected  by  difier- 
ences  of  temperature  and  by  stirring,  it  is  essential  that  the  grease 
tube,  c  (of  which  three  are  provided  with  each  apparatus),  should  be 
filled  twenty-four  hours  before  using,  and  be  kept  at  20*"  C.  The  filling 
is  accomplished  by  applying  the  grease  with  a  knife  or  spatula  to  the 
lower  plate  of  the  piston,  and  gradually  drawing  the  latter  up  the 
tube,  taking  care  that  no  air  space  is  formed.  The  operation  is  com- 
pleted by  the  aid  of  a  ramrod,  S,  and  the  tube  is  full  when  the  upper 
plate  of  the  piston  reaches  the  top  of  the  tube.  50°  0.  is  the  usual 
temperature  for  the  test.  To  ensure  this,  the  bath  is  filled  to  1*5 
cm.  from  the  top^  with  water  at  55**  C,  this  temperature  being  main- 
tained by  the  aid  of  the  heating  lamp.  The  grease  tube,  c,  being  placed 
in  the  cylinder,  6,  the  piston  is  inserted,  and  the  cap,  h,  placed  in 
position  to  intercept  the  studs,  k.  After  standing  for  twenty  minutes, 
during  which  time  the  weights  are  put  in  place,  the  cap,  h,  is  turned 
round,  and  the  piston  allowed  to  descend  until  the  upper  studs  rest  on 
the  edges  of  the  cap.  A,  when  the  test  is  at  an  end,  the  time  occupied 
being  the  measure  of  the  consistency  of  the  grease.  According  to  the 
nature  of  the  grease  to  be  tested,  the  weights  are  varied  so  that  the 
operation  shall  occupy  about  ten  minutes :  this  is  ascertained  by  an 
approximate  preliminary  test.  The  test  is  only  a  comparative  one, 
there  being  no  relation  between  the  results  obtained  by  using  different 
weights.  After  each  test,  the  piston  should  be  cleaned  and  cooled,  and 
the  conical  bottom  of  the  cylinder,  6,  cleared  of  adherent  grease. 

Eliinkler's  Viscometer  for  Small  Samples. — In  oider  to  admit 
of  the  viscosity  of  a  lubricating  oil  being  determined  with  smaller 
samples  than  are  necessary  when  the  ordinary  viscometer  is  used, 
Kilnkler  ^  has  devised  a  form  of  apparatus  suitable  for  quantities  as 
small  as  30  c.c.  The  apparatus  (Fig.  241)  is  provided  with  an 
external  oil  or  water  bath,  w^  of  sheet  brass,  with  a  copper  bottom, 
cylindrical  in  form,  and  turned  outwards  at  the  top.  Heat  is  applied 
to  the  bath  by  means  of  a  spirit  lamp  or  gas  flame,  and  the  tempera- 
ture of  the  contained  liquid  is  indicated  by  a  thermometer  suspended 
by  a  bracket  clip,  x.  In  the  bath  is  a  movable  stand,  d,  on  four  legs 
which  extend  to  the  circumference.  The  stand  also  has  a  pair  of 
arms,  A,  which  hook  on  to  the  bevelled  edge  of  the  bath.  The  visco- 
meter proper  rests  on  this  stand,  and  is  fastened  to  it  by  a  spring  clip, 
i.  It  is  in  the  form  of  a  double  globular  flask  of  strong  glass,  the 
two  parts  being  connected  by  a  capillary  tube,  c,  30  mm.  in  length. 
The  upper  globe,   e,  is   40   mm.  in  diameter  and  carries  a  fillmg 
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tube,  k,  13  mm.  ^de  and  65  mm.  long.  From  the  side  of 
the  lower  globe,  a,  rises  a  tube,  b,  through  which  25  c.c.  of  oil 
lure  drawn,  by  exhaust,  from  the  globe,  «,  up  to  a  mark,  g.  Th« 
globe,  e,  is  furaished  with  a  thermometer  inserted  through  a  loosely 
fitting  cork  in  the  filling  tube,  k,  and  ia  etched  with  a  filling  mark 
at  a  height  of  35  mm.  above  the  mouth  of  the  capillary  tube.  The 
width  of  this  latter  tubing  is  such  that  distilled  water  at  30°  C. 
would  rise  in  it  to  a  height  of  50  mm.  The  height  of  the  ascend- 
ing tube,  b,  ia  125  mm.,  and  its  internal  diameter  5  mm.  This 
tube  extends  horizontally  for  a  length  of  75  mm.  and  is  provided 
with  a  tap,  m.  A  stay,  I,  fastens  the  tube,  b,  near  the  top,  to  the 
rest  of  the  apparatus.  The  exhaustion  apparatus  consists  of  two 
globes  united  by  a  tube,  >,  the  upper  one,   r,   being  48   mm.  in 


Fig.  241. 
diameter  and  etched  with  a  filling  mark,  p,  while  the  lower,  t,  is  5C 
mm.  in  diameter,  and  has  a  filling  tube,  v,  at  the  highest  point.  The 
vertical  distance  from  the  mark,  p,  to  the  centre  of  tlie  lower 
opening  of  the  tube,  s,  is  160  mm.  The  exhauster  is  connected 
with  the  viscometer  by  a  strong  indiarubber  tube,  120  mm.  long, 
joining  the  horizontal  end  of  the  tube,  b,  to  another  tube  of  the 
same  length  and  inside  diameter,  and  likewise  fitted  with  a.  tap,  o, 
extending  from  the  globe,  r.  The  apparatus  is  standardised  by  using 
an  aqueous  solution  of  glycerine  of  1*110  specific  gravity  at  20°  C, 
mercury  being  employed  as  the  exhaust  fluid.  The  rate  of  flow,  per 
second,  of  the  glycerine  solution  (the  mean  of  three  testa  being  token) 
ia  the  standard  of  comparison  for  oils,  their  viscosity  being  determined 
at  the  average  temperatures  to  which  they  are  exposed  in  practice, 
vit,  60°  C.  for  machine  oil  and  150*  for  cylinder  oil,  with  the  employ- 
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ment  of  mercury  as  the  exhaust  liquid  for  temperatures  below  100% 
and  water  for  higher  ranges. 

In  conducting  the  test,  the  exhauster  is  filled  from  the  lower 
globe,  with  the  liquid  employed,  until  the  level  of  the  mark,  p,  is 
reached,  taking  the  upper  meniscus  in  the  case  of  mercury  and  the 
loiver  in  the  case  of  water.  Care  must  be  taken  to  leave  but  little 
of  the  liquid  in  the  lower  bulb,  so  as  to  avoid  stopping  the  mouth  of 
the  tube,  «,  before  it  is  emptied.  The  indiarubber  tube  is  put  into 
position,  the  viscometer  placed  in  its  stand,  d,  and  the  spring  clip,  iy 
slipped  over  the  stay,  I,  both  the  taps,  o  and  m,  being  kept  shut. 
The  viscometer  and  stand  are  finally  placed  in  the  bath.  The  liquid 
used  for  the  bath  is  water  for  temperatures  up  to  100°  C,  an  oil 
of  high  boiling  point  being  employed  for  higher  temi>eratures. 
Such  an  oil  should  be  used  as  gives  off  but  little  vapour  at  150"* 
C.  To  allow  for  expansion,  the  bath  is  scarcely  filled  up  to  the 
level  at  first,  sufficient  liquid  being  added,  after  warming,  to  cover 
the  upper  bulb  of  the  instrument.  The  bath  is  maintained  at  the 
desired  temperature  by  the  aid  of  the  lamp  and  a  wooden  stirrer. 
Before  being  placed  in  the  viscometer,  the  oil  is  warmed  in  a  can, 
y,  to  several  degrees  above  the  testing  temperature  (53°  for  50* 
and  165**  for  150°  C).  The  apparatus  is  then  lifted  out  of  the  bath 
for  about  half  a  minute  to  allow  the  loioer  bulb  to  cool,  and  the  oil 
is  poured  in  until  the  level  of  the  filling  mark  /  is  reached,  the  lower 
bulb  being  immersed  simultaneously.  (The  object  of  this  is  to  cause 
the  expansion  of  the  air  in  the  cooled  bulb  by  the  heat  of  the  bath, 
and  so  prevent  the  oil  flowing  through  the  capillary  tube.)  This 
position  must  be  maintained  until  the  oil  is  4°  higher  than  the  testing 
temperature,  when  the  viscometer  is  completely  immersed,  and  allowed 
to  stand  until  the  right  degree  is  reached,  the  bath  liquid  being 
continually  stirred.  At  this  point,  the  taps,  o  and  m,  are  opened 
in  the  order  named,  and  the  time  occupied  for  the  exhaustion  of 
the  oil  up  to  the  mark,  g,  is  noted.  If  the  oil  under  test  is  not 
clean  and  free  from  water,  it  must  be  filtered  and  dried  at  110°  C. 
The  apparatus  is  cleaned  with  benzine  and  ether,  and  it  must  be 
carefully  dried  before  it  is  again  used.  In  fixing  the  standard  by 
means  of  the  glycerine  solution,  the  lower  bulb  is  immersed  in  warm 
water,  as  in  applying  the  test  to  oil,  to  keep  the  glycerine  out  of  the 
capillary  tube. 

Comparison  of  Eliinkler's   and   Engler's  Instruments. — The 

following  tables  show  the  relation  between  results  obtained  with  the 
Kiinkler  and  the  Engler  instruments,  and  an  approximate  idea  can 
be  obtained  of  the  behaviour  of  a  sample  in  Engler's  viscometer  when 
the  sample  itself  is  too  small  to  be  tested,  by  dividing  the  results 
obtained  in  Kunkler's  tester  as  compared  with  glycerine  (not  the 
rate  of  flow  in  seconds),  by  1-50  for  20°  C;  1*33  for  50'  0.;  and 
8-40  for  150°  0. 
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Arrine's  Tisoometer. — The  Arvine  viacometer,  for  testing  cylinder 
oils,  consists  of  a  coiled 
copper  tube  of  small  diar 
meter,  passing  tli rough  ft 
bath  of  boiling  water.  The 
lower  end  of  the  tube  is  pro- 
vided with  a  small  stop-cook 
and  jet,  while  the  upper  end 
communicates  with  »  funnet 
which  holds  the  oil. 

Barbet'B  Viscometer, — 
In  this  apparatus,  the  oil 
flows  through  an  annular 
space  formed  b)-  fixing  an 
iron  rod  i  millimetres  in 
diameter,  in  the  centre  of  a 
brass  tube  of  5  millimetrea 
internal  diameter.  Increased 
resistance  to  the  flow  of  the 
liquid  is  thus  created,  and 
the  apparatus  is  said  to  be 
more  sensitive  than  an  or- 
dinary jet  viscometer. 

Lepenau'B  "Lepto* 
meter." — In  this  in- 
strument'   (Fig.    242) 
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there  are  two  similar  metallic  cylinders  placed  side  by  side  in 
a  water  bath  and  terminating  below  in  stop-cocks.  Three  sets  of 
interchangeable  jets  are  provided  for  attachment  to  the  stop-cocks. 
A  standard  oil  is  placed  in  one  cylinder  and  the  oil  to  be  tested 
in  the  other,  and  a  pair  of  jets  which  will  deliver  the  oils  in  drops 
at  a  suitable  speed  having  been  fitted  to  the  stop-cocks,  the  oils  are 
allowed  to  run  out,  and  the  number  of  drops  falling  from  each  cylinder, 
between  two  coincidences  of  dropping,  is  noted.  The  number  of  drops 
falling  from  the  jet  is  not,  however,  necessarily  a  measure  of  the 
quantity  of  oil,  since  the  size  of  the  drop  varies  with  the  nature  of 
the  oil. 

Gibbs'  Viscometer. — The  Gibbs  viscometer,  which  is  used  on  the 
Chicago,  Milwaukee,  and  St  Paul  Railroad,  has  been  described  in 
Engineering  Chemistry  by  H.  Joshua  Phillips  (2nd.  ed.,  1894,  pp.  244 
and  245).  The  objects  which  the  inventor  is  stated  to  have  had  in 
view  in  designing  this  apparatus,  are  as  follows  : — 

(1)  To  have  a  large  body  of  hot  oil  as  a  bath  surrounding  the  oil  to  be  tested, 
in  order  to  keep  the  latter  at  a  perfectly  even  temperature.  (2)  To  apply  a 
forced  circulation  to  the  bath  by  means  of  a  double  action  pump,  to  insure  equality 
of  heat  in  all  parts.  (3)  To  deliver  the  oil  to  be  testea  at  the  oritice  nnder  a 
constant  head.  (4)  To  supply  convenient  means  for  accurately  measuring  the 
temperature  of  the  oil. 

The  oil  bath  is  of  copper,  with  a  heavy,  brazed  bottom.  This  contains 
a  cylindrical  inner  chamber  with  a  conical  bottom  terminating  in  a 
gauged  aperture  one-sixteenth  of  an  inch  in  diameter.  Into  the  inner 
chamber  fits  an  inverted  reservoir  holding  the  oil  to  be  tested.  A 
tube  extending  nearly  to  the  bottom  of  the  inner  chamber,  serves  to 
determine  the  head  of  oil.  Through  this  tube  a  thermometer  is 
inserted.  The  bath  is  heated  by  means  of  a  lamp  placed  beneath  a 
li eating  chamber,  which  is  in  communication  with  the  bath,  and  with 
a  small  double-action  force  pump.  Circulation  of  the  oil  in  the  bath 
is  promoted  by  the  use  of  suitably-placed  deflector  plates. 

Bubble  System. — One  method  of  ascertaining  the  viscosity  of  oils, 
which  has  been  proposed,  is  to  note  the  time  occupied  in  the  ascent 
of  a  bubble  of  air  through  a  given  column  of  the  oil.  Professor  Mills 
has  moditied  the  system  by  using  hollow  glass  spheres,  but  without 
obtaining  promising  results. 

Viscometers  of  Napier  and  Cockrell. — ^The  paddle  viscometers 
of  Napier  and  of  Cockrell,  are  based  upon  the  principle  of  taking  the 
speed  of  a  paddle  wheel  revolving  in  the  oil,  as  a  measure  of  the 
viscosity.  Mr.  Napier  has  also  employed  a  series  of  concentric  rings 
attached  to  a  revolving  plate,  A  (Figs.  243  and  244)  and  working  in 
the  spaces,  C,  between  similar  rings,  B,  on  a  fixed  plate.  The  revolv- 
ing gear  is  suppoi'ted  on  an  upright,  D,  and  a  jacket,  E,  encloses  the  oil 
vessel.  Napier  has,  in  another  arrangement,  employed  a  hollow  vertical 
drum  revolving  in  a  slightly  larger  cylinder  containing  the  oil. 

Doolittle's  Viscometer. — A  recent  arrangement  is  the  torsion  vis- 
cometer proposed  by  Doolittle.^ 

^Joum,  Am,  Chtm.  Soc,  1893,  xv.,  173,  and  Joum,  Soc»  Chem.  ImL^  1893, 
709. 
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In  this  apparatus,  as  showa  in  Fig.  245,  a  Bteel  wire,  supported  by 
a  frame,  is  attached  to  the  upper  end  of  a  rod  fixed  vertically  in  the 
centre  of  a  graduated  horizontal  disc,  by  means  of  which  the  tonioa 
eustained  by  the  wire  is  measured.  To  the  lower  end  of  the  rod,  a 
cylinder  3  inches  long  and  H  inch  in  diameter,  is  attached  by  a  stem. 
The  cylinder  being  immersed  in  the  oil  to  be  tested,  the  disc  is  ad- 
justed to  register  exactly  zero,  showing  there  is  no  torsion  on  the  wire, 


Fig.  244. 


Fig.  243. 


and  is  then  supported  in  that  position  while  the  oil  is  brought  to  the 
temperature  required  for  the  test  When  this  temperature  is  attained, 
the  milled  head  at  the  upper  end  of  the  wire  is  rotated  through  360°, 
and  tlie  disc  being  released  from  its  supports,  is  drawn  round  by  the 
torsion  of  the  wire.  If  there  were  no  resistance,  the  disc  would  revolve 
back  to  zero,  and  the  momentum  would  carry  it  360°  in  the  opposite 
direction ;  but  the  resistance  offered  by  the  oil  to  the  rotation  of  the 
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cylinder,  which  resistance  is  directly  proportional  to  the  viscosity 
of  the  oil,  prevents  this  complete  revolution,  and  the  simplest  way 
of  expressing  the  viscosity,  is  by  the  number  of  degrees  of  retardation 
between  the  first  and  second  complete  arcs  described  by  the  disc. 

A  circular  issued  by  the  maker  of  the  instrument  contains  the 
following  additional  particulars : — 

**For  example,  suppose  we  twist  the  wire  360°  and  release  the 
disc  so  that  rotation  begins.  In  order  to  obtain  an  absolute  reading 
to  start  from,  which  shall  be  independent  of  any  slight  error  in 
adjustment,  we  ignore  the  fact  that  we  have  started  from  360 **,  and 
take  as  our  first  reading  the  end  of  the  first  swing.  Ignore  the 
next  reading,  which  is  on  the  other  side  of  the  0  point,  as  it  belongs 
in  common  to  both  arcs.  Take  the  third  reading,  which  will  be  at 
the  end  of  the  second  complete  arc,  and  on  the  same  side  of  the  0 
point  as  the  first  reading.  The  difference  between  these  two  readings 
will  be  the  number  of  degrees  retardation  caused  by  the  viscosity  of 
the  oil.     Suppose  the  readings  are  as  follows  : — 

First  reading,  rieht  hand,  .        .        .        355*6° 

Second    „        left  hand,  ignore, 

Third      „        right  hand,  .        .        .        338-2° 

17*4°  retardation. 

"  In  order  to  secure  freedom  from  error,  we  make  two  tests — one  by 
rotating  the  milled  head  to  the  right,  and  the  other  to  the  left.  If 
the  instrument  is  in  exact  adjustment,  these  two  results  will  be  the 
same;  but  if  it  is  slightly  out,  the  mean  of  the  two  readings  will 
be.  the  correct  reading.  In  order  to  overcome  the  variations  in 
different  instruments,  each  one  is  standardised  against  pure  cane 
sugar  solutions,  after  the  manner  proposed  by  Mr.  Babcock,  and  the 
viscosity  is  expressed'  in  the  number  of  grammes  of  pure  cane  sugar 
contained  in  100  c.c.  of  the  syrup  at  60'  F.,  which  will  give  the 
retardation  designated  at  80'  F.  These  readings  are  obtained  by 
making  a  number  of  solutions  containing  known  amounts  of  pure 
cane  sugar  and  determining  the  retardation  of  each.  A  curve  is 
then  mapped  out  on  a  piece  of  plotting  paper,  the  number  of  grammes 
of  sugar  in  100  c.c.  of  the  different  syrups  representing  the  abscissae, 
and  the  degrees  of  retardation,  the  ordinates.  This  curve  enables  us 
to  interpolate  the  value  of  each  degree  of  retardation  in  terms  of 
pure  cane  sugar,  and  in  this  way  a  table  of  viscosities  is  drawn  up 
and  furnished  with  each  instrument.  This  table  renders  the  results 
obtained  by  different  instruments  strictly  comparable." 

The  Value  of  the  Viscosity  Test — Friction-testing  Machines. 
— In  the  instruments  already  described,  no  attempt  is  made  to  repro- 
duce the  conditions  under  which  lubricating  oils  are  employed,  and 
the  results  which  they  furnish  are  of  a  purely  arbitrary  character. 
Nevertheless,  the  author  is  of  opinion  that  the  viscosity  of  a  mineral 
lubricating  oil  is  the  best  guide  to  its  lubricating  value,  the  consumer 
being  thus  enabled  to  select,  from  time  to  time,  oils  similar  to  those 
which  he  has  found  by  practical  experience  to  give  the  most  satis- 
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&ctory  results.  The  subject  of  the  comparatiye  values  of  results 
obtained  with  a  viscometer  and  with  a  friction-testing  machine  has 
been  discussed  by  the  author  in  a  paper  read  before  the  Society  of 
Chemical  Industry,^  from  which  the  following  remarks  are  substan- 
tially reproduced : — 

In  order  fully  to  realise  the  importance  of  the  determination  of 
viscosity  in  mineral  lubricating  oils,  and  the  value  of  a  good  test 
of  viscosity,  it  will  be  necessary  briefly  to  consider  the  laws  of  the 
friction  of  fluids,  as  applicable  to  the  circumstances  under  which 
oils  are  employed  in  the  lubrication  of  machinery.  These  laws, 
as  is  well  known,  difier  very  materially  from  those  which  govern 
the  friction  of  solids,  though  it  is  important  to  bear  in  mind  that 
the  friction  in  the  case  of  the  lubricated  rubbing  surfaces  of 
machinery  in  motion  is  usually  a  compound  friction  made  up  of  the 
friction  of  Bolids,  and  of  the  friction  of  fluids,  in  proportions  varying 
according  to  the  circumstances  of  the  case. 

The  friction  of  solids  in  motion  is  of  two  kinds — viz.,  sliding 
friction  and  rolling  friction.  It  is,  however,  only  the  former  class 
of  solid  friction  which  now  demands  our  attention.  In  slidin!:^ 
friction,  the  magnitude  of  the  resistance  is,  up  to  the  point  of  abrasion, 
dependent  upon  the  character  of  the  surfaces,  and  proportional  to 
the  force  with  which  they  are  pressed  together,  though  in  the  case 
of  lubricated  surfaces,  the  resistance  may  be  principally  due  to  the 
adhesion  when  the  pressure  is  very  low.  In  fluid  friction,  on  the 
other  hand,  whether  of  liquids  or  gases,  the  resistance  is  proportional 
to  the  area  and  velocity  of  the  surface  exhibiting  it,  and  to  the 
density  and  viscosity  of  the  fluid.  As  Professor  Thurston ^  expresses 
it :  "  Fluid  friction  is  therefore  the  friction  of  adjacent  bodies  of  fluid 
in  relative  motion,  and  is  due  to  the  formation  of  small  whirls  or  large 
eddies  in  the  two  bodies,  the  production  of  which  absorbs  energy 
from  the  flowing  mass.  The  friction  of  the  fluid  finally  extinguishes 
this  energy  of  eddy-motion,  converting  it  into  heat,  and  raising  the 
temperature  of  the  mass  by  the  introduction  of  the  heat  equivalent 
of  the  mechanical  energy  thus  destroyed.  The  resisting  property 
which  thus  eflects  this  conversion,  and  which  is  the  cause  of  fluid 
friction,  is  termed  viscosity.  ...  In  the  case  of  limpid  liquids 
and  gases  the  resistance  is  of  kinetic  character,  rather  than  one  due 
to  intra-molecular  action  ;  but  the  flow  of  viscous  liquids  is  evidently 
greatly  influenced  by  their  molecular  constitution.'' 

In  most  cases,  as  already  stated,  the  friction  of  the  lubricated 
surfaces  of  machinery  is  a  compound  one,  but  in  some  instances,  it  is 
found  practicable  to  float  the  moving  part  in  the  lubricant,  and  under 
such  circumstances,  the  resistance  is  due  only  to  fluid  friction.  On 
the  other  hand,  in  the  case  of  slowly-moving  heavy  machinery,  the 
resistance  is  usually  largely  made  up  by  the  friction  of  solids. 
It  follows  from   what  has  been  said,  that  in   theoretically  perfect 

i/ottrn.  Soc,  Chem.  Ind,,  v.  (1886),  121. 

^A    Treatise  on  Friction  and  Lost   Work  in  McLchinery  and  MUlvcorh    By 
Bobert  H.  Thurston,  A.M.,  C.E.,  New  York,  1886. 
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lubrication,  the  resistance  would  be  independent  of  the  pressure, 
and  the  nearer  we  can  approach  to  this  condition  in  practice,  the 
better. 

The  more  viscous  the  lubricant  and  the  stronger  the  attraction 
taking  and  holding  it  between  the  moving  surfaces,  the  greater  the 
pressure  which  can  be  sustained;  but  unnecessarily  high  viscosity 
creates  unnecessary  fluid  friction,  and  the  viscosity  of  the  lubricant 
should  therefore  be  in  proportion  to  the  pressure.  In  other  words., 
the  lubricant  should  have  only  just  sufficient  viscosity  to  keep  the 
moving  surfaces  apart,  under  the  maximum  pressure.  The  amount 
of  viscosity  required  in  a  lubricant,  therefore,  varies  according  to  the 
circumstances  under  which  the  lubricant  is  to  be  used.  It  is  obviously 
dependent  not  only  upon  the  load  carried  upon  a  given  area,  but  also 
upon  the  fit  of  the  bearing  surfaces,  and  upon  the  character  of  the 
motion.  Thus,  the  axles  of  railway  trucks  are  subjected  to  pressures 
greatly  in  excess  of  the  load  carried,  when  the  vehicle  is  passing 
over  inequalities  in  the  permanent  way.  It  has  also  been  found 
that  the  power  required  to  drive  machinery  which  has  been  lubricated 
with  an  oil  sufficiently  viscous  to  keep  the  moving  surfaces  apart,  is 
diminished  when  a  more  fluid  lubricant  is  substituted.^  It  is  true 
that  this  diminution  of  resistance  is  accompanied  with  greater  wear 
of  the  metallic  surfaces,  and  greater  expenditure  of  the  lubricant,  but 
in  the  case  of  factories  provided  with  insufficient  motive  power,  it  may 
be  preferable  to  have  less  theoretically  perfect  lubrication.^  In  a 
cotton  mill,  for  instance,  the  use  on  the  spindles,  of  a  very  slightly 
better,  in  the  sense  of  a  more  viscous,  lubricant,  though  increasing  the 
fluid  friction  between  the  bearing  surfaces  of  each  spindle  only  to  an 
infinitesimal  extent,  might  arrest  the  motion  of  the  whole  machinery 
of  the  mill.  Largely  for  these  reasons,  no  doubt,  the  many  ingenious 
machines  of  Ingram  and  Stapfer,  Thurston,  Woodbury,  and  others, 
designed  to  test  the  lubncating  value  of  oils,  have  not  hitherto 
given  results  of  much  practical  value.  With  some  of  these  machines 
strictly  comparative  data  of  lubricating  power  under  the  conditions 
present  in  the  machine  can  be  obtained ;  but  as  these  conditions 
frequently  differ  from  those  presented  in  actual  practice,  the  deductions 
drawn  from  the  data  may  be  misleading. 

Professor  Thurston  himself  admits  that  the  use  of  the  testing 
machine  to  determine  the  relative  friction-reducing  power  and 
wear,  and  the  endurance  of  oils,  as  data  for  use  in  the  solution  of 
the  commercial  problem,  will  often  be  found  to  involve  some  difficulties. 

^  It  has  been  well  said  that  maoy  an  engineer  wastes  tons  of  coal  in  an  attempt 
to  save  gallons  of  oil. 

^  Mr.  Thurston  points  out  that  the  measure  of  the  coefficient  of  friction  alone, 
is  not  always  a  gauge  of  the  value  of  an  oiL  A  low  coefficient  is  sometimes  found 
to  co-exist  with  serious  wear,  and  even  low  friction  and  a  cool  journal  may  be 
accompanied  by  wear.  With  very  light  pressures  and  hi^h  speeds,  as  with  fast- 
running  spindles,  light  mineral  oils  sometimes  give  low  fnction,  and  yet  produce- 
rapid  wear.  Mr.  F.  W.  Arvine  found  that  a  cotton  spindle,  after  running  for 
some  time  at  a  speed  of  6,500  revolutions  per  minute  with  a  fluid  oil,  lost  as  much 
as  one-tenth  gramme  in  weight. 
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These  difficulties  arise,  however,  not  from  faults  of  the  method,  but,  as 
he  says,  from  the  exceedingly  great  uncertainty  often  existing  as  to 
whether  the  conditions  of  test  are  precisely  those  of  use.  He  adds 
that  a  good  testing  machine  may  be  relied  upon,  if  properly  handled, 
to  give  accurate  data ;  but  it  can  rarely  be  made  equally  certain  that 
the  same  conditions  can  be  permanently  retained  when  the  lubricant 
is  put  in  service.  Satisfactory  approximations  may,  however,  in  his 
opinion,  readily  be  secured,  with  careful  supervision  and  ordinary  skill, 
for  all  cases  in  which  the  machinery  is  well  proportioned,  in  good  order, 
and  well  cared  for.  Mr.  Thurston  further  remarks  that  experiments 
made  upon  the  nicely-fitted  journal  of  a  testing  machine  are  not 
conclusive  as  to  suitability  of  a  lubricant  for  use  on  a  similar  journal 
which  is  not  well  fitted.  The  latter,  bearing  only  in  spots,  or  along  lines 
of  contact,  is  subjected,  on  such  surfaces  of  contact,  to  pressure  which 
may  be  enormously  greater  than  that  affecting  the  same  journal  when 
wear  or  refitting  has  given  it  a  good  fitting,  and  the  best  lubricant  is 
therefore  one  adapted  to  such  intense  pressure.  Could  the  magnitude 
of  this  extraordinary  pressure  be  known,  a  good  testing  machine  would 
determine  which  of  any  collection  of  oils  is  best  fitted  to  sustain  it. 
The  testing  machine  determines  the  behaviour  of  oils  upon  its  own 
journals ;  if  those  on  which  the  lubricant  is  to  be  used  are  similar, 
its  behaviour  will  then  be  the  same.  While  the  machine  does  not 
usually  serve  to  select  oils  for  badly  made  surfaces,  it  exhibits  the 
intrinsic  qualities  of  the  oils  tested;  and  every  mechanic  and  engineer 
endeavours  to  get  all  journals  into  as  good  condition  as  those  of  the 
testing  machine,  and  thus  fit  them  to  do  good  work  with  good  oils. 
Mr.  Thurston  also  expresses  the  opinion  that  in  order  to  determine 
precisely  what  oils  are  adapted  to  any  special  purpose,  or  to  ascertain 
for  what  use  any  oil  is  best  fitted,  it  is  necessary  to  make  an 
examination  of  the  lubricant  while  it  is  working  under  the  specified 
conditions.  That  is  to  say,  the  oil  should  be  put  upon  a  journal  of 
the  character  of  that  on  which  it  is  proposed  to  use  it,  subjecting  it  to 
the  pressure  proposed,  and  running  it  at  the  speed  that  the  journal 
is  expected  to  attain;  its  behaviour  will  then  show  conclusively  its 
adaptability  to  such  an  application.  Valuable  papers  on  the  subject 
of  the  mechanical  testing  of  lubricating  oils  have  been  contributed  by 
Professor  Ordway  and  Mr.  C.  J.  H.  Woodbury.^  The  experiments 
conducted  by  Professor  Ordway,  in  association  with  Mr.  Atkinson,  had 
for  their  object  to  determine,  among  other  points,  the  extent  to  which 
spindle  oils  in  common  use,  were  liable  to  spontaneous  combustion 
when  absorbed  by  cotton-waste  or  other  similar  material,  as  well  as 
the  temperature  at  which  they  evolved  inflammable  vapour.     But  the 

1  Proceedings  of  the  Semi-annual  Meeting  of  the  Xew  England  Cotton  Manu- 
facturer^ AMociaiion,  held  at  Boston,  U.S.,  30th  October,  1878.  Report  by 
John  M.  Ordway,  representing  the  Department  of  Industrial  Chemistry  of  the 
Massachusetts  Institute  of  Technology,  and  Edward  Atkinson,  representing 
sundry  insurance  companies.  Transactions  of  the  American  Society  of  Mechanical 
Engineers,  Nov.  1880,  and  Nov.  1884.  "  Measurements  of  Friction  of  Lubricating 
Oils,"  by  C.  J.  H.  Woodbury,  of  Boston,  Mass.,  Inspector  Factory  Mutual  Assurance 
Companies. 
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investigation  is  referred  to  here,  chiefly  because  these  gentlemen  report 
that  three  machines — two  American  and  one  English — which  they 
had  obtained  with  the  view  of  testing  the  lubricating  power  of  the  oilis 
under  examination,  furnished  no  satisfactory  results;  and  it  was 
accordingly  found  necessary  to  substitute  for  these  machines  an 
ordinary  spinning  frame,  with  a  thermometer  applied  to  each  spindle, 
the  heat  evolved  being  regarded  as  a  measure  of  the  friction.  Mr. 
Woodbury's  papers  are  largely  devoted  to  a  description  of  the  results 
obtained  with  the  well-known  testing  machine  of  which  he  is  the 
inventor.  In  the  first  paper,  it  was  pointed  out  that  friction  varies 
with  the  area,  because  the  adhesiveness  of  the  lubricant  is  proportional 
to  the  area,  and  the  resistance  due  to  this  cause  is  a  larger  fraction  of 
the  total  mechanical  efiect  with  light,  than  with  heavy  pressures. 
Accordingly,  as  the  results  of  the  preliminary  experiments  indicated 
that  the  coefficient  of  friction  varied  with  the  conditions,  it  was 
found  necessary  to  reproduce  those  of  actual  working,  to  determine 
the  value  of  a  lubricant  for  specific  purposes.^  In  Mr.  Woodbury's 
second  paper,  the  results  obtained  with  a  modified  form  of  appar- 
atus, constructed  to  carry  pressures  up  to  40  lbs.  per  square  inch, 
were  given.  The  experimental  data  contributed  by  Mr.  Woodbury, 
supplemented  by  those  reported  by  Mr.  Beauchamp  Tower  in  this 
country,  constitute  a  comprehensive  series,  since  Mr.  Tower  operated 
at  great  pressures  (100  lbs.  to  625  lbs.  per  square  inch),  though  with 
a  special  method  of  lubrication  (the  oil-bath  system);  but  in  the 
discussion  which  followed  the  reading  of  Mr.  Woodbury's  second 
contribution,  it  was  pointed  out  by  Mr.  F.  W.  Arvine,  chemist  of 
the  Thompson  and  Bedford  Company  of  New  York  (manufacturers 
of  lubricating  oils),  that  the  agreement  between  the  results  yielded  by 
ordinary  testing  machines  and  those  obtained  in  actual  practice  was 
unfortunately  very  small.^ 

As  the  Pennsylvania  Railway  Company  have  paid  considerable 
attention  to  the  testing  of  lubricating  oils,  it  is  instructive  to  find 
that  in  1885  the  opinion  of  Dr.  Charles  B.  Dudley,  chemist  of  the 
company,  who  had  studied  the  subject  of  lubricants  during  the  pre- 
ceding ten  years,  was  that  the  problem  of  diminishing  the  loss  due  to 
friction  was  complicated,  and  not  well  understood.  The  author  has 
not  had  the  opportunity  of  working  with  the  machine  of  Professor 
Thurston  or  that  of  Mr.  Woodbury,  but  some  years  ago  he  was 

^  The  working  pressure  in  Mr.  Woodbary*8  earlier  experiments  was  5  lbs.  per 
square  inch,  and  the  speed  500  revolutions  per  minute,  these  conditions  correspond- 
ing with  the  velocity  and  pressure  of  a  Sawyer  spindle  running  at  7,600  revolutions 
per  minute,  with  a  band  tension  of  4  lbs.  Mr.  Woodbury  stated  that  the 
intermittent  pressure  on  the  wrist-pin  of  a  locomotive,  amounted  to  as  much  as 
3,000  lbs.  per  square  inch.  According  to  Professor  Thurston,  •  the  maximum 
pressure  on  the  crank-pins  of  heavy  engines  is  1,200  lbs.  per  square  inch,  and 
under  the  pivots  of  drawbridges,  sometimes  as  much  as  9,000  lbs.  per  square  inch. 

'  Mr.  Arvine  found  it  necessary  to  use  for  the  testing  of  spindle  oils,  a  frame 
of  spindles,  such  as  may  be  found  in  a  cotton  mill,  and  for  the  testing  of  heavier 
oils,  a  railway-waggon  axle,  of  the  usual  construction,  capable  of  being  loaded 
with  the  weight  commonly  carried.  Both  pieces  of  apparatus  were  driven  at  the 
ordinary  spe^,  and  were  fitted  with  sensitive  dynamometers  and  thermometers. 

40 
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engaged  for  manj  months  in  testing  lubricating  oils  with  the  Ingram 
and  Stapfer  machine,  and  he  found  it  impossible  to  obtain  any  results 
that  were  thoroughly  satisfactory  from  a  practical  point  of  view. 

In  studying  the  records,  of  the  experiments  made  in  the  testing  of 
lubricating  oils  with  the  various  machines  which  have  been  devised 
for  the  purpose,  one  cannot  fail  to  admire  the  ingenuity  and  patience 
with  which  the  results  have  been  arrived  at.  It  must,  liowever,  be 
obvious  that  the  indications  afforded  by  testing  machines  may  in  the 
present  state  of  our  knowledge  of  the  subject  be  wholly  misleading, 
and  it  is  this  fact  which  has  led  the  author  to  attach  great  importance 
to  the  adoption  of  a  good  system  of  determining  the  viscosities  of  oils. 
To  his  mind  indeed,  the  most  valuable  result  of  the  experiments  made 
with  testing  machines  has  been  the  demonstration  of  the  close  rela- 
tion which  exists  between  viscosity  and  lubricating  power.  Professor 
Thurston  has  pointed  out  that  this  close  relation  is  well  shown  in  the 
curves,  which  exhibit  graphically  the  results  obtained  by  Mr.  Waite.^ 

Mr.  Woodbury  states  that,  within  a  close  approximation,  the  lubri- 
cating qualities  of  nn  oil  are  inversely  proportional  to  its  viscosity ; 
that  is,  that  the  friction  decreases  with  the  cohesion  between  the 
particles  of  oil.  AJthough  in  succeeding  remarks,  Mr.  Woodbury 
somewhat  qualifies  the  statement  quoted,  there  is  little  doubt  that 
the  determination  of  the  viscosity  of  an  oil  affords  the  most  valu- 
able test  of  lubricating  properties  that  we  have  at .  our  disposal. 
There  may  l)e  an  advantage  in  testing  the  oil  by  using  it  under 
conditions  to  which  it  will  be  subjected  in  actual  practice,  but 
it  is  admittedly  exceedingly  difficult  to  determine  what  these  con- 
ditions are,  especially  in  some  cases,  and  still  more  difficult  to  re- 
produce them  with  certainty.  On  the  other  hand,  if  a  certain  oil  has 
given  satisfactory  results  under  given  conditions  of  fit,  or  want  of  fit, 
of  bearings,  pressure,  speed,  and  temperature,  it  may  be  predicted 
with  tolerable  certainty,  that  another  oil  of  the  same  nature,  having  a 
similar  viscosity,  will  yield  equally  good  results. 

Professor  Thurston,  who  has  devoted  much  study  to  mechanical 
methods  of  testing,  gives  ^  the  following  as  the  characteristics  of  an 
efficient  lubricant: — 

(1)  Enough  **  body"  or  combined  capillarity  and  visoositv  to  keep  the  sarfaces, 
between  which  it  is  interposed,  from  coming  in  contact  under  maximum  pressure. 

(2)  The  greatest  fluidity  consistent  with  the  preceding  requirement — i.e.,  the 
least  lluid  friction  allowable. 

(3)  The  lowest  possible  coefficient  of  friction  nnder  the  conditions  of  actual  use 
— i.e.,  the  sum  of  the  two  components,  solid  and  fluid  friction,  should  be  a  mini- 
mum. 

(4)  A  maximum  capacity  for  receiving,  storing,  transmitting,  and  carrying  away 

heat. 

(5)  Freedom  from  tendency  to  decompose  or  to  change  in  com|K>8ition  by 
gmnminfl;  or  otherwise,  on  exposure  to  the  air,  or  while  in  use. 


^  These  results  were  reported  in  the  ProeeedingB  qf  Hit  New  Ewjland  CotUm 
Moinvfwiurtrif  AswekUion,  1880. 

'In  his  work  on  Frictiau  and  Lo9i  Work  in  Machinery  and  Millwork,  N.Y.» 
1885. 
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(9)  Entin  abMOoe  of  ftdd  or  other  propertiM  lUbla  to  produce  iujniy  of 
loateriaU  or  maUla  with  which  the;  nuy^  bronght  in  contact. 

(7)  A  high  tomperatare  of  vkporiution,  and  a  low  temperature  of  solidification. 

(S)  Special  adaptation  to  the  cocditiotia  a*  to  ipeed  and  presinre  of  rubUng 
BQT&cea,  under  which  ths  unguent  is  to  be  naed. 

(9)  Freedom  from  grit  and  from  all  foreign  matter, 

MaoITaught'B  Teater.  —  The  MacNftoght  tester  waa  inTented 
about  1838/  and  ia  shown  in  Fig.  246.     It  consists  of  a  circular  plate, 

E,  on  a  spindle,  A,  ' 
capable  of  being  re- 
volved by  an  endlesB 
cord  running  on  a 
pulley,  D.  On  the 
plate  E  rests  a  plate 

F,  having  n  stud,  a, 
which,  when  the 
plate  is  turned, 


vith  ( 


Fig.  240. 


an  arm  attached  to  a 

weighted  lever,  G  H. 

The    instrument    ia 

Bxed  to  a  table  by 

means  of  th«  cUmp, 

B,  C.    A  few  drops 

of  the  oil  arejoLioed 

on  the  plate  %  snd 

the  apparatne  is  then 

set  in  motion  ftt  the 

proper  speed     The 

plate  F  thus  tends 

to     revolve,     and 

through  the  st«d,  a, 

to  alter  Uie  position 

of  the  lever,  G  H, 

but  this  is  prevented  by  moving  the  adjustable  weight,  J.    The  extent- 

to  which  the  weight  is  moved  in  establishing  equilibrium,  is  a  measure 

of  the  viscosity  of  the  oil,  and  hence  tbis  instrument  in  its  original 

form  might  more  properly  be  described  as  a  viscometer. 

Dusbe's  Modifloation. — Duske,^  has  introduced  a  modification  in 
which  adjustable  pressure  is  applied  to  the  plate  F,  by  means  of  a 
lever  and  sliding  weight. 

Woodbury's  Tester. — In  the  tester  introduced  by  Woodbury,* 
which  has  been  described  as  a  modification  of  MacNaught's,  the  lottd  . 
is  applied  by  direct  weights.  The  upper  plate  is  surmounted  by  a 
hollow  chamber  divided  into  channels  through  which  a  current  of 
water  circulates,  and  is  further  covered  with  an  ebonite  hood,  lined 

'See  the  Mtekanica'  Magaune,  1838,  No.  774,  and  DingUft  polyttch.  Jonm., 
1862.  cUiv,,  1& 

' Dingltr'a polyta-h.  Joara.,  1862,  cliiv.,  19. 

'Engiaurins,  l(iS4,  xxxviii.,  532. 
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with  eiderdown  to  prerent  acceaa  of  heat  from  the  ooUide.  Fonr 
npright  pillara  on  the  upper  pUte  carry,  by  a  ball  and  socket  joint,  an 
axle  moving  in  two  bearings  and  sapporting  a  crossbeam  which  bears 
the  load.  The  weights  are  ander  the  table  on  which  the  machine 
stands,  on  a  platform  snspended  by  stirrups  from  the  crossbeam. 
In  order  to  equally  odjast  the  wearing  soriaces  of  the  two  discs, 
the  axes  of  the  npper  and  lower  spindles  do  not  coincide  but  are  on 
parallel  lines  about  one-eighth  inch  apart.  A  thermometer  indicates 
the  temperature  in  the  upper  disc,  and  the  rate  of  feed  of  the  oil  under 


Fig.  247. 


t«st,  is  observed  by  using 
friction  in  the  npper  axle, 
in  opposite  directions.  A 
and  a  dynamometer  registe: 
the  friction  would  be  too 
pound  levers  is  employed 
friction,  and  in  such  cases 
multiplied  by  five. 
Daprei   and  ZTspoll'B  Tester. — The  apparatus  of  Deprez  and 


glsss  feed  tube.  To  minimise  torsional 
the  bearings  are  movable  and  are  revolved 
counter  records  the  number  of  revolutions. 

the  amount  of  friction.  In  cases  where 
great  for  the  dynamometer,  a  pair  of  com- 
to  reduce  the  stress  to  one-fifth  the  actual 
,  the  reading  of  the  dynamometer  must  be 
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Ifapoli^  was  patented  in  France  in  1877.  It  consbts  of  a  horizontal 
flat  polished  disc,  A  (Fig.  247),  mounted  on  an  axle  set  in  motion  by 
bevel  cog-wheels  driven  by  a  pulley,  D,  and  carrying  a  second  disc,  B, 
by  means  of  three  bronze  blocks,  3,  S,,  and  S^,  inclined  towards  A  at 
an  angle  of  30°,  and  having  a  contact  surface  of  10  square  centimetres 
each,  so  that  the  pressure  exerted  on  B  by  a  weighted  lever,  R,  is 
equally  divided  among  them.  The  friction  between  A  and  S,  S■^,  S^ 
tends  to  rotate  B,  the  tendency  varying  inversely  with  the  lubricating 
power  of  the  oil  under  test.  To  the  edge  of  B,  is  attached  one  end  of 
a  steel  ribbon,  the  other  end  being  fastened  to  a  pivoting  pulley.  To 
this  pulley  is  attached  a  vertical 
pendulum,  P,  which  is  raised 
towards  the  horizontal  by  the 
rotation  of  B.  The  movement 
of  P  causes  a  reciprocating 
motion  of  a  small  wheeled 
trolley,  C,  through  the  medium 
of  a  pin  and  slot.  The  trolley 
carries  a  piece  of  paper,  on 
which  a  curve  showing  the 
movement,  ia  marked  by  a 
|>eDcil,  F,  fixed  to  a  travelling 
arm.  Tlie  speed  of  this  arm  is 
governed  by  the  number  of 
revolutions  of  the  principal 
axis — i.e  ,  of  the  plate  A.  The 
curves  show  the  degree  of  fric- 
tion at  the  rate  of  speed 
adopted,  and,  if  quadrated,  will 
give  the  total  energy  absorbed 
by  the  machine.  To  save  tbe 
trouble  of  calculating  out  the 
results  of  the  diagrams,  the 
inventors  have  affixed  to  the 
machine  a  totaliser,  consisting 
of  a  roller,  T,  kept  in  position 
against  the  edge  of  a  disc  con- 
centric with  A,  by  means  of  a 
spring.  Its  axle  is  capable  of 
any  degree  of  inclination  in  a 
fixed  vertical  plane,  and  is  so 
connected  with  the  pendulum, 
P,  as  to  make  with  the  horizon- 
tal, the  same  angle  as  is  made 
by  the  pendulum  with  the  Ter-  Fi);.  248. 

tical.     The  number  of  revolu- 
tions of  the  roller  as  recorded  by  the  totaliser,  is  proportional  to  the 
force,  in  kilogrammes,  of  the  friction  between  the  two  plates.     Five 
'  Din^'i  potgUch.  Jomm.,  1677.  ccxivi.,  30. 
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_  s  of  oil  is  osed  for  each  test,  and  to  ensure  tbe  regularity  of 

need  necessary  for  the  exact  oomparuon  of  the  lubricating  properties 
<a  different  samples,  a  speed  governor  la  fixed  below  the  apparatus. 

Bailer's  Tester. — In  Bailey's  pendalnm  test«r  (Fig.  246),  designed 
&r  testing  oils  which  are  to  be  used  for  clocks  and  watclies  or  other 
light  work,  a  single  drop  of  the  oil  is  placed  on  a  small  disc  of  brass 
linked  to  a  pendulnm  as  shown,  and  resting  on  a  disc.  The  pendulum 
ia  set  in  oscillation  over  a  gradnated  arc,  and  the  viscosity  is  measured 
by  the  time  which  is  occupied  in  bringing  it  to  rest. 

Thurston's  Tester. — Among  the  mechanical  testers  aiming  at  the 
examination  of  the  oil  under  conditions    closely  approximating  to 


Fig.  M9.  Fig.  250. 

those  in  actual  practice,  the  inventions  of  I'roffssor  R.  H.  Thurston 
are  of  particular  importance.'  Figs.  249  and  2.'iO,  Rhow  ouc  farm  of 
the  Thurston  teater.  The  lubricant  ia  placed  on  a  jourJi:il,  F,  carried 
on  the  extremity  of  a  shaft.  A,  sustained  by  journals,  B,  on  a  stand. 
DE,  and  driven  by  a  pulley,  C.  The  shaft  is  driven  at  a  speed 
corresponding  with  the  work  which  the  lubricant  is  to  do,  nnd  has 
&  counter  at  the  end  to  indicate  the  number  of  revolutions.  The 
journal,  F,  is  grasped  by  bronze  bearings,  G  G^,  pressed  together  by 
a  spring,  adjusted  by  a  screw,  K  K\  and  having  its  pressure  indicated 
on  a  scale  by  a  pointer,  M,  A  thermometer,  Q,  indicates  the  heat 
I  See  ThnrstoD's  Trtatin  on  Friction  and  Lott  Worlcin  Machinrry  and  JUilltcori, 


AuociatiOQ  of  Employers, 


I,  aad  Draughftmeii,  WancheBter,  1ST8. 
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produced  during  the  teat.  The  braases  and  spring  are  carried  by  a 
pendulum,  H,  weighted  at  I,  so  that  the  maximum  fiidction  of  the  dry 
jmoolA  bearing  will  swing  it  into  a  faorrzont&l  position.  The  pendulum 
carries  a  pointer,  O,  traversing  an  arc,  P,  wtuch  is  so  graduated,  that 
hy  dividing  the  reading  by  the  pressure  indicated  l>y  the  pointer,  H, 
the  coefficient  of  fric- 
tion when  the  lubricant 
is  placed  00  the  bear- 
ing, F,  may  be  found. 
Id  Professor  Thurston's 
work,  the  theory  of  the 
work  ingofthigmachine 
is  fully  discussed.  The 
journal  iscleansed,  after 
each  test,  with  alcohol, 

Cline,  or  benzine, 
the  effect  of  the 
lubricaat  ia  often  felt 
in  succeeding  tests, 
long  aft«r  starting 
with  a  new  lubricant. 
Steam  cylinder  lubri- 
cants may  be  tested  by 
heating  the  bearing  to 
the  proper  tempera- 
ture. Owing  to  the 
good  work  done  W  hit 
first  machine,  Professor 
Thurston  devised  a 
modification  especially 
adapted  for  railway 
work,    and    Fig.    251, 


the 


"New 


Zealand  Railways" 
pattern  of  his  regarding 
tester,  manufactnrea 
by  Messrs.  W.  H. 
Bailey  k  Co.,  of  Sal- 
ford.  In  principle,  the 
machine  resembles  that 
described  above.  The 
shafthastliree  different 
sizes  of  pulleys  for  driv- 
ing it,  and  the  brasses 
are  cast  hollow,  as  first 
proposed  by  G.  A. 
Hirn,  so  tliiit  water  may  be  passed  through  them  to  keep  the  bearing 
at  a  uniform  temperature.  The  oil  is  fed  to  the  journal  by  means 
of  oil  cups,  and  a  key  and  uat  are  provided  fur  instantly  relieving 


Fig.  251. 


633  TESTING  OF  PETROLEUM,   ETC. 

tiie  journal  of  the  pressure  of  the  helical  spring.  The  automatic 
recorder  is  an  improTement  due  to  Lux.  The  pendulum  has  an  arm 
which  raises  and  depresses  a  slide  carrjring  a  pencil.  The  pencil 
bears  against  a  cylinder  csrrying  a  squared  paper  surface,  and  revolv- 
ing once  for  each  100,000  revolutions  of  the  journal.  The  diagram 
is  thus  drawn  to  a  scale  of  fire-sixteenths  of  an  inch  for  every  1,000 
reTolntions, 

Ingram  and  Stapfer's  Tester. — In  the  Ingram  and  Stapfer  tester 
(Fig.  252),  a  definite  quantity  of  the  oil,  measured  from  a  bottle  or 
tube,  or  by  drops,  is  placed  on  the  bearing,  the  pressure  on  which  is 
produced  in  the  manner  shown  in  the  figure,  and  the  shaft  is  driven 
at  about  1,500  revolutions  per  minute.     When  the  temperature  pro- 


Fig.  258. 


duced  by  the  friction  has  reached  200*  F.,  as  indicated  by  the  ther- 
Diometer,  the  machine  is  stopped  and  the  total  number  of  revolutions 
since  the  commencement  of  tJie  test  is  read  off  from  the  counter,  the 
value  of  the  lubricant  being  gauged  from  this  result. 

Frenoh  Tester. — The  friction  tester  employed  by  the  Paris,  Lyons, 
and  Mediterranean  Railway  Company  (Figs,  253  and  254),  exhibited 
in  1878,  has  the  advantage  of  subjecting  the  oils  under  test  to  similar 
conditions  to  those  which  they  have  to  undergo  in  actual  work  on  the 
railway,  and  indicates  the  behaviour  of  the  oil  under  the  varying 
speeds  of  an  actual  pair  of  railway  wheels,  as  to  resistance,  rate  of 
consumption,  and  rise  of  temperatuie  in  the  grease  boxes.  On  a  firm 
foundation  of  masonry,  is  erected  an  iron  frame,  A,  A,  in  which  is 
mounted  a  driving  axle,  B,  carrying  a  pair  of  wheels,  C,  G,  at  the  usual 
rail-distajice  apart.  An  ordinary  pair  of  truck  wheels,  D,  D,  rest  on 
these,  the  ends  of  the  axle,  E^  running  in  bearings  fitted  witli  grease 
boxes  of  the  usual  type.     The  box  castings  carry  a  spring,  and  ter- 
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mjnate  at  the  top  in  r  screw,  P.  Tbe  springs  can  be  loaded  to  any 
required  degree  by  weights,  F,  suspended  from  lever  ums,  o,  o,  bear- 
ing on  perpendicular  rods  carried  down  from  the  extremities  of  the 
springs.  The  wheels,  D,  D,  can  be  raised  or  lowered  at  will  by  means 
of  screws  cut  on  »  cross-bar,  «,  worked  by  a  hand  wheel,  q,  and  acting 
on  the  screwB,  P,  P.  The  driving  kx1«  carriea  in  addition,  a  drum,  G, 
by  means  of  which  motion  is  imparted  to  the  apparatus,  and  is  fitted 


Fif.S59^ 


Fig.  256. 


a  indicator  for  recording  the  nsmber  of  revolutions.  The  mte 
of  speed,  in  kilometrea  per  bonr,  i«  Aawa  on  a  scale,  T,  by  meuns  of 
a  pointer,  I.  In  order  to  itill  more  dotely  reproduce  working  condi- 
tions, the  driving  wheels,  0,C,  are  motinted  exceatrically  2^  mm. 
(one-eighth  of  an  inch)  out  of  truth,  thus  producing  an  equivalent  to 
the  vibration  ot*  a  railway  truck.  la  ^plying  the  test,  the  oil  is  put 
into  the  grease  boxes  (previously  well  cleaned),  and  the  upper  wheels 
are  raised  by  the  screws  clear  of  the  driving  wheels,  which  are  then 
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put  in  motion.  The  upper  wheels  are  then  gradually  lowered,  and 
the  requisite  load  of  weights  applied.  The  oil,  which  produces  the 
least  rise  of  temperature  in  the  axle  boxes  under  the  greatest  load  and 
highest  rate  of  speed,  is  considered  the  best. 

Boiilt's  Tester. — Figs.  255  and  256  represent  Boult's  cylinder 
lubricant  tester,  used  for  oils  required  for  the  cylinders  of  steam,  gas, 
and  hot-air  engines,  steam  hammers,  <fec.  The  enlarging  friction 
journal,  D,  is  expanded  by  a  spiral  spring,  E,  adjusted  by  screws,  B, 
and  the  friction  surfaces  to  which  the  oil  to  be  tested  is  applied,  are 
heated  by  a  cylindrical  hot-oil  bath,'«0,  to  which  the  necessary  tem- 
perature as  indicated  by  a  thermometer,  A,  is  imparted  by  a  Bunsen 
burner,  F.  The  tester  is  run  at  about  500  or  600  revolutions  per 
minute,  or,  for  quick  speed  engines,  at  as  much  as  1,000.  It  may  be 
used  for  temperatures  as  high  as  450*  F.  or,  by  cooling  the  oil  bath 
with  ice,  <S:c.,  may  be  employed  for  testing  the  value  of  lubricants  at 
low  temperatures. 

Cold  Test. — Lubricating  oils  are  subjected  to  what  is  known  as 
the  cold  test,  with  a  view  to  ascertaining  their  power  of  withstanding 
low  temperatures  without  solidifying,  or  depositing  paraffin,  and  the 
method  of  applying  the  test  varies  with  the  description  of  the  oil,  and, 
to  some  extent,  with  the  interpretation  of  the  term  by  the  operator. 
The  cold  test  of  pale  oils  is  usually  considered  to  be  the  point  at 
which,  on  a  gradual  reduction  in  the  temperature,  separation  of  solid 
hydrocarbons  occurs.  In  applying  the  test,  the  oil  may  be  slowly 
cooled  in  a  small  beaker  until  it  commences  to  become  cloudy,  but 
the  result  will  depend  in  part  on  whether  the  oil  is  stirred,  and  upon 
the  time  occupied  in  cooling.  As  some  of  the  more  viscous  oils  con- 
tain solid  hydrocarbons  which  resemble  vaseline  rather  than  crystalline 
paraffin,  the  point  at  which  separation  of  solids  commences  is  not 
easily  observed,  and  it  is  then  better  to  determine  the  point  at 
which  the  oil  becomes  semi-solid,  or  ceases  to  flow  on  inclining  the 
containing  vessel.  It  is  important  that  the  temperature  of  the  cooling 
bath  should  not  be  far  below  that  at  which  separation  of  solids 
commences,  and  it  is,  therefore,  advisable  to  roughly  determine  this 
temperature  by  a  preliminary  test.  In  black  oils,  the  commencement 
of  the  separation  cannot  be  seen,  and  the  temperature  at  which  such 
oils  cease  to  flow  is,  therefore,  taken  as  the  cold  test.  When  the 
separation  of  solids  is  well  defined,  the  test  may  be  applied  to  a  column 
of  the  oil  an  inch  and  a  half  in  depth  in  a  test  tube  about  an  inch  in 
diameter.  The  tube  is  plunged  in  a  bath  of  iced  water,  or  ice  and  salt, 
until  a  thin  layer  of  paraffin  congeals  on  the  sides.  During  the 
cooling,  the  oil  is  stirred  with  a  thermometer,  and  when  congelation 
commences,  the  tube  is  wiped  and  held  in  front  of  a  window  with 
constant  stirring  with  the  thermometer,  until  the  solid  has  re-dissolved. 
The  temperature  is  then  noted,  and  the  operation  is  repeated  twioe. 
If  the  two  last  tests  agree,  the  temperature  may  be  taken  as  the  cold 
test. 

The  melting  point  of  oils  which  are  solid  at  ordinary  temperatures, 
is  often  taken  in  the  following  manner : — ^The  bulb  of  a  thermometer 
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la  coAted  with  the  oil  and  suspended  in  a  beaker  of  water  which  is 
very  slowly  warmed,  the  temfteratnre  at  which  the  oil,  which  ie  of 
lower  specific  gravity  than  the  water,  begins  to  fiow  upwards,  being 
noted  as  the  melting  point.  This  method  does  not,  however,  give 
satisfactory  results  with  oils  that  are  not  fairly  homogeneous  in  com- 
position, and,  according  to  the  author's  experience,  a  better  one  is  thnt 
suggested  by  Bensemann^  for  determining  the  point  of  fusion  of  fatty 
acids.  This  consists  in  placing  a  drop  of  the  fused  oil  in  the  wide 
portion  of  a  drawn  out  tube,  and  allowing  it  to  become  quite  solid ; 
then  suspending  the  tube  vertically  in  a  beaker  of  cold  water  by  the 
side  of  a  delicat«  thermometer,  and  applying  heat  very  gradually  until 
the  oil  begins  to  Sow  down  the  side  of  the  tube  into  the  constricted 
portion.  The  temperatures  are  noted  at  which  (a)  the  oil  begins  to 
flow,  and  (6)  enters  the  constricted  part.  The  first  is  termed  the 
initial  point  of  fusion,  and  the  second  the  final  point  of  fusion.  The 
anther  tinds  that  this  method  gives  closely  concoixlant  results,  and  that 
the  difference  between  tlie  two  points  is  about  2°  F. 

According  to  the  rules  of  the  New  York  Produce  Exchange,  the 
cold  test  is  determined  by  cooling  the  oil  in  a  glass  vessel,  4  inches 
deep  and  3  inches  in  diameter,  in  a  refrigerator.  A  thermometer  is 
placed  in  the  centre  of  the  oil  and  another  in  the  refrigerator,  and, 
if  the  oil  is  still  liquid  when  the  thermometers  both  record  a  specified 
temperature,  the  cold  test  is  considered  satisfactory. 

TagUabue'e   Cold  Test  ApparatUB.  —  In  Tagliabue's  cold  test 

apparatus   (Fig.    257)  the  oil  cup  is  contained    in   a   chamber,   F, 

surrounded  by  an  ice  chamber, 

C,    with    a    non  -  conducting 

jacket,  A      Taps,  J,  are  pro- 

Mded  for  forcing  in  warm  air 

when  it  IS  desired  to  raise  the 

temperature  of  the  oil.     The 

oil  cup  IS  httcd  on  a  rocking 

shaft  so  that  the  oil  may  be 

kept  in  motion,  and  the  front 

of  tlie  apparatus  has  a  gloss 

window    through    which    the 

progress  of  the  test  may  be 

observed,  and  the  tempemturo 

of  the   oil,  OS   indicated  by  a 

thermometer,  i/,  noted.     Two 

other    thermometers,    d,    arc 

placed  in  the  refrigerator. 

SohultEe's  Cold  Test  Apparatas.  —  The  cold  test  apparatus  of 

Schultze  of  Berlin,  adopted  by  the  Prussian  State  Railways,^  is  fitted 

with  a  U-tube  6  mm.  in  diameter,  and  graduated  in  millimetres,  to 

ail  to  be  tested.     The  U-tube  is  immersed  in  a  freezing 


Fig.  257. 


'Sep.   Anal  Chem.,  ii,  165;   Joarn.   Sot.   Chtm.   Ind.,  iv.   (1SS5),  J35;  also 
Csmeroo'i  Oils  and  VantUhes,  214. 
'Albrooht,  Dingltr't  polylteh.  Jovm,,  eclxxxT. 
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mixture,  and  is  connected  with  a  manometer,  by  means  of  which,  on 
opening  a  pinch-cock,  a  pressure  equal  to  a  height  of  50  mm.  of 
water  maj  be  applied  to  its  contents.  The  temperature  of  the  freez- 
ing mixture  is  indicated  by  a  thermometer,  and  may  be  adjusted  as 
required,  by  varying  the  constituents  of  the  mixture.  In  applying 
the  test,  the  U-tube,  charged  with  the  oil  to  a  height  of  30  mm.  in 
each  limb,  is  immersed  in  the  freezing  mixture  for  an  hour,  after 
which  it  is  raised  so  that  the  oil  sur&ce  is  above  the  refrigerant. 
The  pressure  from  the  manometer  is  then  allowed  to  act,  and  the  rate 
at  which  the  oil  is  depressed  in  the  limb  connected  with  the  manometer, 
during  one  minute,  is  noted.  Several  U -tubes  containing  samples 
of  oil  may  be  cooled  simultaneously,  and  tested  one  after  the  other. 
Dr.  Albrecht  considers  this  apparatus  unsuited  for  practical  use,  and 
is  of  opinion  that  sufficiently  accurate  results  were  obtained  by  the 
old  test  used  on  the  Prussian  State  Railways,  which  consisted  in  noting 
whether  the  oil  at  a  given  temperature,  and  under  a  pressure  of  30 
mm.,  issued  in  drops  from  the  5  mm.  nozzle  of  the  test  apparatus. 

The  following  are  the  conditions  imposed  by  the  German  Railways 
as  to  the  quality  of  lubricating  oils  supplied  to  them  : — 

The  Royal  Prussian  Railways. 

Mineral  Lubricants  for  all  Divisions, — The  mineral  oils  to  be  used  for 
lubricating  rolling  stock,  steam  engines,  and  tool  machinery,  must  be  delivered 
one  half  as  ''summer,"  and  one  half  as  "winter''  oil,  and  comply  with  the 
following  conditions : — 

The  specific  gravity  at  20°  C.  shall  lie  between  the  limits  of  0*900  and  0*925. 
The  viscosity  at  the  temperatures  subjoined  shall  lie  between — 

Temperature,   .        .    20°  C.        30"  C.        40°  C.        60°  C. 
Highest  limit,  .     45°,,  20°,,  12°,,  9°  „ 

Lowest      „      .        .25°,,  12°,,  8°  „  6°  „ 

as  recorded  by  a  standardised  Bugler  viscomet«r,  and  referred  to  distilled  water 
at  20°  C.  The  flashing  point,  tested  by  the  Treumann  instrument  [see  p.  600], 
shall  be  above  160°  C. 

Besistanct  to  Cold. — Winter  oil  must  remain  fluid  at  -  15°  C,  and  summer  oil 
at  -5°  C— i.e.,  it  must  ascend  a  glass  tube  of  6  mm.  internal  diameter  at  a 
minimum  rate  of  10  mm.  per  minute,  when  subjected  to  the  constant  pressure  of 
a  50  mm.  water  column  in  Schultze's  apparatus  [see  p.  636].  Jn  addition,  the  oil 
must  be  free  from  water  and  acid,  nave  only  a  slight  smell,  and  completely 
dissolve  in  petroleum  benzine  of  specific  srayity  0*67  to  0*70.  It  must  not  contain 
any  foreign  substances,  or  deposit  a  sediment,  even  after  prolonged  standing; 
neither  may  it  possess  any  drying  properties— 1.«.,  it  must  not  resmify  or  dry  to 
a  varnishy  stratum  on  long  exposure  in  thin  layers  to  the  action  of  the  air.  The 
addition  of  mineral  oils,  or  distillation  products  thereof,  to  rape  oil  is  strictly 
prohibited  in  the  conditions  prescribed  for  the  latter  lubricant  in  the  sub-districts 
of  Altona  and  Berlin. 

The  Grand  Duchy  of  Baden  State  Railway. 

The  mineral  lubricating  oil  must  be  prepared  from  petroleum  only,  and  must  not 
contain  any  other  kind  of  mineral  oil  (such  as  coal-tar  oil,  brown-coal  tar  oil,  or 
shale  oil),  or  any  other  oil  of  vegetable  or  animal  origin  (resin  oil  or  fat  oil),  or 
solid  fat,  ceresin  (ozokerite),  and  such  like.  Only  an  exceedingly  small  proportion 
of  solid  hydrocarbons  (paraffin)  is  permissible,  and  the  oil  must  be  perfectly  free 
from  gum-like  impurities  ["achleim"],  tw,  and  resin.     No  brown  coloration— 
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indicatire  of  resin  and  allied  bodiee— ihonld  result  on  agitatin^r  the  oil  with  an 
equal  volume  of  soluhuric  acid  of  l*iS3  specific  gravity.  All  snbstances  nsed  in 
refining,  sach  as  alkalies,  salts,  wkter,  and,  above  all,  snlphuric  acid,  must  be 
absent.  The  colour  must  not  be  too  dark,  and  the  oil  should  be  transparent  in 
thin  layers ;  no  solid  matter  must  be  in  suspension,  nor  should  any  deposit  occur 
after  prolooffed  standing.  The  limits  of  specific  gravity  at  15""  C.  are  0  890  to 
0*940.  On  distillation,  not  more  than  10  per  cent,  by  volume  should  come  over 
below  300""  C.  (temperature  of  the  oil  vapour),  and  the  undistillable  residue  must 
not  exceed  7  per  cent,  by  volume.  The  nashing  point  (production  of  inflammable 
vapour)  must  not  be  below  160"  C,  open  cup  test,  or  the  burning  point  below  190° 
C.  (oil  temperature).  The  oil  should  not  froth  or  "  prime  "  at  any  temperature, 
neither  should  it  acidify  or  dry  on  being  heated  for  twenty-four  hours  at  100**  C. 
in  thin  layers  exposed  to  the  air.  The  viscosity  of  the  mineral  lubricant  must  be 
at  least  equal  to  that  of  rape  oil  at  temperatures  up  to  50°  C,  and — with  a  view  to 
employment  in  oilers  with  wicks— must  be  at  least  one  and  a-half  times  as  great  as 
that  of  rape  oil  between  30°  and  60°  C.  (measured  by  Engler's  viscometer).  At 
low  temperatures,  down  to  0°  C,  it  must  be  sufficiently  miid  to  allow  the  wick- 
oilers  to  act  normally.  At  -  5°  C.  the  oil  must  be  still  fluid,  without  exhibiting 
any  separation  of  solid  matter,  and  must  not  congeal  above  - 10°  C. 

Royal  BaTarian  State  Railways. 

The  mineral  lubricating  oils  supplied  must  be  almost  odourless,  and  quite  free 
from  tar,  tar  oil,  creosote  oil,  parafiin,  acid  of  any  kind  (beyond  a  trace,  not 
exceeding  0*0*29  per  cent.),  animal  and  vegetable  fats,  or  fat  oils,  and  must  further 
have  a  specific  gravity  of  0  915  (with  a  margin,  up  or  down,  of  O'OOo),  a  flashing 
point  of  190°  [method  of  testing  not  specified],  with  an  allowance  of  10°  either 
way,  and  a  viscosity  at  50°  C.  of  230  to  330  compared  with  rape  oil  (100). 
The  viscosity  should  only  diminish  slowly  between  20°  and  150°  C.  Summer  oil 
should  be  of  relatively  higher,  and  winter  oil  of  relatively  lower  viscosity  between 
these  figures.  Shaken  up  with  water,  the  oil  should  not  show  any  flocculent 
matter.  On  agitation  with  potash  lye  of  1*35  specific  gravity,  and  heating  to 
boiling  point,  the  lye  should  remaiu  colourless  and  clear,  and  should  not  imdergo 
any  alteration  in  volume  after  repeated  shaking.  Agitation  with  sulphuric  acid 
of  spccitic  gravity  1  *6,  and  warming  on  a  water  bath,  should  not  produce  more  than 
a  deep  yellow  (on  no  account  brown)  coloration  of  the  acid,  nor,  on  being  shaken 
up  with  an  equal  volume  of  sulphuric  acid  of  1*4  specific  gravity,  at  an  equal 
initial  temperature  of  15°  C.  for  both  liquids,  should  the  increase  of  temperature 
exceed  10°  C.-— i.e.,  the  temperature  should  not  rise  higher  than  25°  C.  Oil  which 
"  primes  "  strongly  when  heated,  will  be  considered  useless.  At  -  10°  C,  the  oil 
must  flow  freely,  or  be  of  no  greater  consistency  than  thin  salve,  and  must  be  still 
of  similar  ajtpearanoe  at  —16°  C,  without  congelation.  No  separation  of  {jaraflin 
should  occur  even  at  the  lowest  temperatures,  and  the  insoluble  residue  (solid 
constituents)  must  not  exceed  1  per  cent. 

The  Heaslan  Ludwigibahn  Company. 

Pure,  almost  inodorous,  mineral  oil  is  required,  free  from  tar,  tar  oil,  creosote 
oil,  paraffin,  and  acid  of  any  kind,  or  admixture  of  any  description  of  animal  or 
vegetable  fats  or  oils.  The  specific  gravity  at  20°  C.  must  not  fall  below  0*900, 
nor  exceed  0*925  for  cylinder  oil,  and  0*915  for  axle  oil.  The  minimum  flashing 
point  of  cylinder  oil  is  fixed  at  190°  C,  and  of  axle  oil  at  160°  C.  [apparatus  not 
mentioned],  with  burning  points  of  220°  and  180°  C.  respectively.     The  congealing 

Soints  must  be  as  low  as  possible,  and  the  oils  shoula  still  flow  pretty  freely  at 
°  C.  Axle  oil  should,  at  - 10°  C.  (and  cylinder  oil  at  -5°  C),  run  slowly  from  a 
tube  6  mm.  in  diameter,  under  a  pressure  of  50  mm.  In  applying  this  test,  the 
oil  is  to  be  exi)osed  to  the  prescribed  degree  of  cold  for  one  hour  without  being 
shaken.  As  regards  viscosity,  the  minimum  fixed  for  axle  oil  is  8,  and  for  cylinder 
oil  18  Engler  units  (water  ==  1)  at  50°  C.  The  tests  with  water,  caustic  potash 
solution,  and  sulphuric  add,  are  the  same  as  those  prescribed  by  the  Bavarian 
State  railways,  as  is  also  the  condition  referrinj^  to  priming.  The  oil  should 
dissolve  in  petroleum  benidne  of  0*67  to  0*70  specific  gravity,  without  leaving  more 
than  1  per  cent,  of  residue. 
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The  Main-Neokar  Railway. 

Pure,  double-refined,  mineral  oil  is  required,  of  a  ^een  or  brown  colour, 
free  from  salts,  acid,  resins,  and  tar  oil,  leaving  no  residue  when  tiltered,  and 
having  the  requisite  lubricating  power  to  obviate  any  tendency  to  heating 
of  the  bearings  of  locomotives  or  cars,  even  at  the  highest  speeds.  The  range 
of  specific  gravity  permissible  is  between  0*875  and  0*910,  and  no  evolution 
of  inflammable  vapour  should  occur  below  ITO**  C,  nor  should  the  oil  congeal 
above  -  5**  C.  On  oeing  treated  with  an  equal  volume  of  sulphuric  acid  of  1 '45 
specific  gravity,  at  an  initial  temperature  of  15*  0. ,  the  increase  of  temperature 
should  not  exceed  15*",  and  when  mixed  with  an  equal  bulk  of  the  same  acid,  of 
1*53  specific  gravity,  the  oil  should  not  impart  any  deeper  tinge  than  pale  yellow 
to  the  acid,  either  in  the  cold  or  on  warming. 

The  "Pfalz  Railway. 

(a)  Machine  Oil, — The  essential  particulars  for  mineral  lubricating  o  Is  are,- 
freedom  from  sum-like  impurities  [*'schleim"],  resins,  acids,  alkalies,  salts,  tar, 
and  water,  and  absence  of  drying  properties,  or  liability  to  uudergo  alteration 
after  lapse  of  time.  To  these  must  be  added  a  specific  gravity  of  between  0'9CO 
and  0*915  at  15°  C,  coupled  with  a  very  constant  degree  of  consistency  within  the 
ordinary  limits  of  temperature.  The  oil  should  not  congeal  at  -  10"  C,  and  must 
remain  fluid  at  -5*"  C.  It  must  have  a  flashing  point  of  IfiO""  C,  and  a  burning 
point  of  ISO""  C.     Finally,  when  heated,  frothinc  should  not  occur. 

(6)  Cylinder  Oil. — The  conditions  are  identical  with  those  for  class  (a),  with  the 
following  exceptions : — Flashing  point  260**  C,  burning  point  SW  C.  The  oil 
must  remain  fluid  at  5**  C. 

Royal  State  Railways  of  Saxony. 

Mineral  lubricants  are  emploved  for  locomotives  as  well  as  for  tender  and 
wagon  uxles.  If  the  oil  ofierea  is  unsuitable  for  use  in  warm  portions  of  the 
locomotive  (cylinder,  slide  valve,  &c.),  this  must  be  particularly  specified  in  the 
tender  form.  It  is  essential  that  the  oil  be  free  from  acid,  tar,  resin,  and  water, 
neither  too  thin  nor  too  thick,  according  to  the  season,  and  that  it  should  deposit 
no  sediment  on  storing.  Winter  oil  is  exiiected  to  remain  perfectly  fluid  even 
at  -  lO'"  C.  The  tender  should  state  whether  the  oil  is  of  German,  Russian,  or 
American  origin,  and  give  in  addition  particulars  of — 

1.  Viscosity,  in  degrees  Engler,  compared  with  crude  rape  oil  at  - 10**,  -5°,  3*^ 
18%  and  50"  G. 

2.  Temperature  in  degrees  C.  at  which  ebullition  occurs. 

3.  Temperature  in  degrees  C.  at  which  visible  vapours  are  evolved. 

4.  Temperature  in  degrees  C.  at  which  inflammaole  vapours  are  evolved. 

5.  Burning  temperature,  in  degrees  C,  of  the  oiL 

().  Coefficient  ot  friction  as  compared  with  crude  rape  oil. 
7.  Specific  gravity  of  the  oil  at  15"  C, 

Royal  State  Railways  of  Wurtemberg. 

The  mineral  lubricating  oils  must  be  free  from  gum-like  impurities  [**  schleim  "], 
resins,  acids,  salts,  tar,  paraffin  residues,  and  water,  and  must  possess  no  drying 
properties.  It  must  neither  alter  after  long  storage  nor  deposit  any  sediment,  ana 
must'  be  thoroughly  suitable  for  the  required  purpose.  Limits  of  specific  gravity 
at  15""  C.  between  0*90  and  0*92,  congealing  point  not  over  -10'',  minimum 
flashing  iK)int  160°  C,  and  burning  point  185**  C.  The  oil  should  not  froth  when 
heated,  and  should  have  a  viscosity  (£ngler)  at  20°  C.  of  eighty  to  a  hundred  times 
that  of  water. 

The  State  Railways  of  Alsaoe-Locraine. 

The  conditions  and  methods  of  testing  are  the  same  as  for  the  Prussian  railways, 
^Ith  the  subjoined  variations :— • 
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Limits  of  viscosity  for  summer  oil  at— 

20*  C. 
Highest,  ....    2*5 
Lowest,    .        .        .        .1*5 

so-c. 
1-3 
0*8 

40*0. 

0-8 
0*5 

6<rc. 
0*6 
0*4 

The  minimum  decree  of  viscosity  for  winter  oil  is  fixed  at  1*5  at  20°  C,  all  these 
being  determined  by  £ngler*8  viscometer,  taking  rape  oil,  of  fifteen  times  the 
viscosity  of  distilled  water  at  20°  C,  as  the  stancmrd..  Flashing  point  above  140° 
C.  (Pensky-Martens  test).  Congealing  point  ^summer  oil  must  remain  fluid  at 
0°  C.,  and  winter  oil  at  -10°  C,  when  tested  in  the  manner  prescribed  by  the 
Prussian  railways. 

PETBOIiEXJM    BESIDXJUM. 

The  rules  of  the  New  York  Produce  Exchange  provide  that 
*^  Residuum  shall  be  understood  to  be  the  refuse  from  the  distillation 
of  crude  petroleum,  free  from  coke  and  water,  and  from  any  foreign 
impurities,  and  of  gravity  from  16'  to  2V  Beaume." 

The  proportion  of  coke  may  be  determined  by  diluting  a  weighed 
quantity  of  the  residuum  with  petroleum  spirit,  passing  the  mixture 
through  a  filter  of  fine  muslin,  and  washing,  drying,  and  weighing 
the  solid  matter  thus  separated.  If  there  is  reason  to  suspect  the 
presence  of  earthy  matter,  contained  in  the  crude  petroleum  from 
which  the  residuum  was  obtained,  the  proportion  of  carbon  should  be 
determined  by  ignition. 

The  amount  of  water  present,  may  be  ascertained  in  the  manner 
described  in  connection  with  the  testing  of  crude  petroleum.  The 
author  finds  it  convenient  to  employ,  for  the  separation  of  the  water, 
a  tube  about  6  inches  in  length  and  about  half  an  inch  in  diameter, 
graduated  from  the  bottom  in  tenths  of  a  cubic  centimetre  up  to 
10  c.c,  and  surmounted  by  a  glass-stoppered  spherical  bulb  about 
4  inches  in  diameter.  250  grammes  of  the  oil  is  taken  for  the  test, 
and  this  is  diluted  to  any  required  extent  with  petroleum  spirit  or 
kerosene  of  low  specific  gravity.  The  bulbed  tube  is  placed  in  a 
water  bath  maintained  at  a  temperature  of  about  150"  F.,  until  the 
whole  of  the  water  has  separated  and  forms  a  distinct  stratum  beneath 
the  oil  in  the  graduated  tube.  The  quantity  of  water  is  then  noted 
at  40**  F.,  each  cubic  centimetre  representing  0*4  per  cent. 

PAEAPPIN     TESTING. 

The  testing  of  solid  paraffin  comprises  the  determination  of  the 
melting  point,  the  percentage  of  oil  and  the  percentage  of  water  and 
dirt.  The  various  methods  of  testing  in  common  use  have  been 
somewhat  fully  treated  in  papers  by  D.  A.  Sutherland,^  J.  Stuart 
Thomson,^  and  the  author.' 

Melting  Point. — The  "  melting  point "  is  understood  commercially 
to  be  the  temperature  at  which  the  liquified  paraffin  commences  to 
solidify.  In  conducting  the  "  English  test,^  the  paraffin  is  melted  in  a 
test  tube  about  three-quarters  of  an  inch  wide,  and  is  then  stirred  with 

'  Joum,  Soc  Chem.  Ind,,  1887, 123  and  271.  '  Ibid.,  1891,  .342. 

*  Ibid,,  1884,  430;  1887, 125;  and  Cantor  Lectures  at  the  Society  of  Arts,  1886. 
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a  thermometer  while  the  tube  is  held  in  the  air,  until  a  point  is  reached 
at  which  the  crystallisation  liberates  sufficient  heat  to  arrest  the  cooling 
and  keep  the  mercurial  column  in  the  thermometer  stationary  for  a  time. 
This  test  resembles  Dalican's  method  of  determining  the  solidifying 
point  of  fatty  acids.  ^  In  Say  bolt's  apparatus  for  applying  the  test 
to  a  number  of  samples  simultaneously,  the  melted  paraffin  is  contained 
in  a  series  of  parallel  troughs  resting  on  a  carriage  which  travels 
backwards  and  forwards.  The  thermometers  are  held  stationary  in 
a  frame,  with  their  bulbs  just  immersed. 

In  carrying  out  the  **  American  teat,**  a  hemispherical  cup,  31  inches 
in  diameter,  is  three-fourths  filled  with  the  melted  paraffin,  which  is 
then  allowed  to  cool  spontaneously  until  a  very  thin  film  extends  from 
the  sides  of  the  vessel  to  a  thermometer  with  a  round  bulb  half  an  inch 
in  diameter,  suspended  so  that  the  bulb  is  three-fouHhs  immersed, 
in  the  centre  of  the  dish.  The  American  test  usually  indicates  a 
"melting  point"  from  2 J**  to  3°  F.  higher  than  the  English  test. 

Capillary  Tube  Method. — A^nother  method  of  determining  the 
"  melting  point,"  consists  in  noting  the  temperature  of  solidification  of 
a  minute  quantity  of  the  sample  previously  fused  into  a  capillary  tube, 
care  being  taken  not  to  overheat  it  during  fusion.  The  capillary  tube 
is  allowed  to  cool  slowly  by  the  side  of  a  thermometer  in  a  beaker  of 
water. 

Tagliabue'8  Paraffin  Tester. — An  instrument  sold  by  Charles  J. 
Tagliabue,  of  New  York,  for  determining  the  melting  point  of  paraffin, 
consists  of  a  metal  funnel,  with  a  water-jacket  in  communication  with 
a  heating  vessel.  The  test  is  made  in  the  following  manner: — 
The  heating  vessel  is  nearly  filled  with  water,  and  closed  with  a 
cork  which  carries  a  thermometer.  A  lighted  spirit  lamp  is  then 
placed  beneath  it,  and  the  temperature  of  the  water  (which  circulates 
through  the  jacket  of  the  funnel)  is  raised  to,  and  maintained  at,  a 
point  about  15°  or  20°  F.  above  the  anticipated  melting  point  of  the 
sample  to  be  tested.  Another  thermometer  having  been  fixed  in  the 
funnel  so  that  its  bulb  occupies  the  apex,  "  about  a  spoonful "  of  the 
sample,  finely  broken  up,  is  put  into  the  funnel.  As  the  paraffin  melts 
and  drops  from  the  bulb  of  the  thermometer,  it  is  carefully  watched, 
and  as  soon  as  it  is  perfectly  transparent,  the  temperature  indicated 
by  the  thermometer  is  recorded  as  the  melting  point  of  the  sample. 

Estimation  of  Oil. — The  determination  of  oU  is  made  by  pressing 
the  paraffin  and  noting  the  loss  in  weight,  but  as  the  results  vary 
according  to  the  temperature  adopted,  the  amount  and  duration  of  the 
pressure,  and  the  quantity  of  material  in  relation  to  the  surface  sub- 
jected to  pressure,  the  test  is  a  purely  arbitrary  one.  Moreover,  there 
is  no  natural  line  of  demarcation  between  the  solid  and  liquid  hydro- 
carbons present.  In  averaging  the  sample  and  preparing  it  for  test- 
ing, it  will  be  found  convenient  to  pass  it  through  a  small  mincing 
machine. 

Lever  Presses. — Fig.  258  represents  a  press  employed  some  years 
ago  in  the  laboratory  of  the  author.      It  has  a  steel  crosshead,  the 

1  See  Joum,  Soc.  Chem.  Ind,,  viii.,  1889,  424. 
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deflection  of  wliich  is  magnified  by  levers  so  as  to  indicate  the  pres- 
sure. Fig.  259  showB  tlie  press  which  the  author  now  uses.  In  this, 
the  pressure  is  regulated  by  a  heavily 
weighted  lever.  Each  press  has  a  circular 
press  cup  and  a  plunger  5^  inches  in 
diameter,  and  in  testing  American  paraffin 
scale,  a  pressure  of  9  tons  on  the  total 
aur&ce  is  used.  The  pressure  is  applied 
for  five  minutes  at  a  temperature  of  60°  F. 
to  500  grains  of  the  scale  placed  between 
circular  pieces  of  calico  cut  with  a  steel 
punch  to  fit  the  cup.  The  expressed  oil 
is  absorbed  by  a  number  of  discs  of  blotting-paper  placed  above  and 
below  the  cloths  containing  the  cake.     The  parattin  is  brought  to  the 
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standard  temperature  before  treatment,  and  thermometers  inserted  in 
mercury  cups  iudicate  the  temperature  of  the  press  cup  and  plunger. 
The  plunger  and  cup  are  detacliable  from  the  bed  plate,  ttc.,  bo  that 
they  may  be  cooled  iu  water  at  CO"  F. 

Figs.  260  and  261  illustrate  a  press  designee!  by  Mr.  McCutchon. 
This  is  provided  with  a  helical  spring,  the  extetit  of  compression  of 
which  ihiiiciites  the  pressure  applied. 

Hydraulic    Press.— A    compact    hydraulic    press    with    Bourdon 
gauge,  introduced  by  Jleasrs.  Clark- 
son  and  Beckitt,  for  parulfin  testing, 
is  shown  in  Fig.  262. 

Estimation  of  Water.  —  The 
water  may  be  determined  in  paraffin 
scule  by  heating  a  weighed  quantity 
(preferably  25  grammes)  in  a  tared 
evaporating  dish,  with  constant  stir- 
ring with  a  thermometer  until  the 
water  is  driven  oS.  The  loss  shows 
the  amount  of  water.  The  material 
should  be  raised  to  nnd  maintained 
at  a  temperature  somewhat  higher 
than  tlie  boiling  point  of  water. 
When  the  amount  of  water  is  large, 
there  is  some  danger  of  loss  from 
spurting,  and  the  operation  is  also 
tedious.  It  may  then  be  determined 
by  distillation  or  subsidence,  the 
paraffin  being  kept  in  the  latter  case 
in  a  molten  condition  until  all  the 

water  has  separated,  A  convenient  apparatus,  introduced  by  Suther- 
land, for  the  subsidence  test,  consists  of  a  bulbed  tube,  the  upper, 
pear-shaped  portion  of  which  is  21  inches  wide  and  91  inches  long, 
and  the  lower,  tubular  portion  three-eighths  of  an  inch  in  diamet«r  and 
graduated  in  tenths  of  a  cubic  centimetre,  or  in  grains.  In  perform- 
ing  the  test,  64  grammes  (1,000  grains)  is  placed  in  the  tube,  which  is 
immersed  in  water  at  150°  F.  until  the  scale  has  melted  and  the  water 
has  subsided,  the  vessel  being  tapped  to  facilitate  the  separation. 
The  lower  part  of  the  tube  is  then  plunged  into  cold  water,  so  that  a 
film  of  paraffin  solidifies  over  the  separated  wster.  As  much  as 
possible  of  the  paraffin  having  been  poured  off,  the  remainder  is 
removed  by  agitation  with  warm,  "  hydrated  "  petroleum  spirit.  The 
water  is  read  off  at  60°  F.  Another  method  of  estimating  the  water 
when  the  amount  is  large,  consists  in  treating  the  scale  with  petroleum 
spirit,  already  containing  as  much  water  as  it  will  take  up,  and 
measuring  the  water  thus  separated.  A  method  of  estimating  water 
by  distillation  ia  described  on  the  next  page.  ,I^.^"_| 

Estimation  of  Dirt.— The  dirt  is  estimated  with  the  water  in 
the  above  tests,  but  when  the  quantity  present  is  considerable,  it 
is  collected  on  a  filter  paper,  washed  with  minei'al  spirit,  dried  and 
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weighed.  In  Scotch  scale,  the  dirt  rarely  exceeds  0*2  per  cent.,  and 
consists  chiefly  of  vegetable  fibre  from  the  cloths  used  in  pressing, 
and  of  iron  oxide  from  the  condenser  worms. 

Scottish  Methods. — ^The  following  methods  of  testing  Scotch 
paraffin  scale  and  heavy  mineral  oils,  have  recently  been  decided  upon 
by  the  chief  chemists  of  the  companies  constituting  the  Scottish 
Mineral  Oil  Association,  Price's  Patent  Candle  Company,  and  the 
author.  They  have  been  discussed  in  detail  by  Mr.  J.  Stuarb  Thomson 
in  the  paper  already  referred  to  : — 

L  Scale  Analysis. 

1.  Sampling  of  Hard  Scale. — The  sample  is  to  be  taken  by  means  of  a  metal 
tube,  which  is  made  sliehtly  conical ;  the  small  end  is  inserted  m  the  scale,  and  by 
means  of  a  handle,  which  is  removable,  it  is  forced  through  the  scale  to  be 
sampled.     By  this  means,  a  cylindrical  core  of  paraffin  is  obtained. 

Care  must  be  taken  to  see  that  the  tube  is  of  such  a  length  that  the  sam])le  will 
represent  the  whole  length  or  depth  of  the  cask,  waggon,  or  bing. 

2.  Preservation  of  Samples  of  Scale, — Immediately  after  the  sample  has  been 
drawn,  it  is  to  be  thoroughly  mixed,  placed  in  suitable  wide-monthed  bottles, 
which  may  be  closed  either  with  glass  stopi)ers  or  good  corks ;  if  the  latter  are 
used,  they  should  be  covered  with  paraffin  paper,  or  soaked  in  melted  paraffin 
wax,  before  beins  inserted.  The  bottles  are  then  finally  sealed  in  the  usual 
manner.  The  scale  should  be  tightly  packed  into  the  bottles,  which  should  be 
completely  filled. 

3.  Determination  of  Oil  in  Scale,  {a)  Press  to  be  used. — While  no  one  special 
form  of  press  is  recommended  for  general  adoption,  the  press  used  must  have  some 
arrangement  for  indicating  the  pressure  applied.  The  cup  in  which  the  scale  is 
placea  during  the  application  of  pressure  to  have  an  area  of  20  square  inches. 

(6)  Preparation  oftJie  Sample, — A  quantity  of  the  scale,  after  having  been  freed 
from  water  and  dirt  by  melting  and  subsidence,  is  to  be  allowed  to  cool  over  night 
to  a  temperature  of  60°  F.  The  solid  mass  is  then  ground  to  a  fine  powder,  a 
portion  or  which  is  used  in  the  determination  of  the  oil. 

(c)  QuaMity  of  Scale  to  be  used. — The  quantity  of  scale  to  be  used  in  the 
determination  of  oil  is  to  be  250  grains,  which  quantity  may,  however,  be  reduced 
to  150  grains  in  the  event  of  the  scale  containing  much  oil  (over  7  per  cent.). 
With  **  soft "  scale  the  smaller  quantity  should  be  taken. 

{d)  Temperature  at  which  tlie  Scale  is  to  be  Pressed. — 

A 1     I  The  temperature  of  the  scale  and  the  press  is  to  be 

i  m\  60"  F. 

I  j     \  (c)  Time  which  the  Scale  is  to  remain  under  Pressure, — 

I  /       \  The  scale  is  to  remain  under  pressure  for  fifteen  minutes. 

j  /  \  (/)  Pressing  Clotfis  and  Papers, — Fine  linen  pressing 

is        /  \  cloths  and  a  number  of  layers  of  filter  ))aper,  sufficient 

I  •      /  \  to  absorb  all  the  oil,  to  be  used.     The  exterior  papers 

j       /  \  must  not  be  soiled  by  oil. 

•     /  \  (*;)  Pressure  to  be  applied. — The  maximum  pressure  is 

{    /  \        to  be  10  cwts.  per  square  inch,  and  the  working  pressure 

.  I  /  \      ^  cwts.  per  square  inch. 

;/_ jp:...        A         ^'  -determination  of  Water  in  Scale. — The  amount  of 

,[^-^d]^'^""^2ZI^^     water  present  in  scale  may  be  determined  by  either  of 
'""*"  the  following  processes : — 

Fig.  263.  (o)  Distillation  from^  a  Copper  Flask. — From  1  to  2  lbs. 

of  the  scale  are  heated  in  a  conical  copper  flask  of  about 
the  dimensions  shown  in  Fig.  263 ;  this  is  connected  to  an  ordinary  Liebig  con- 
denser. By  means  of  a  powerful  Bunsen  burner  or  lamp,  the  water,  accompanied 
by  a  small  quantity  of  light  oil,  is  volatilised  and  condensed.  The  distillate  is 
received  in  a  narrow  griMluated  measure,  so  that  the  volume  of  water  can  be 
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readily  ascertained.  As  a  little  water  usually  adheres  to  the  sides  of  the  con- 
denser tube,  this  is  to  be  washed  out  with  hydrated  gasoline  or  naphtha,  and 
added  to  the  principal  quantity. 

(b)  Price's  Company' s  Method, — 500  grains  of  the  scale  to  be  tested  are  weighed 
in  a  tared  porcelain  basin,  and  heat^  with  constant  stirring  to  230°  F.,  until 
bubbles  cease  to  be  given  off ;  the  loss  is  then  determined. 

500  grains  of  the  same  scale,  which  has  been  freed  of  its  water  and  dirt 
by  melting  at  a  gentle  heat  and  subsidence,  are  to  be  heated  in  the  same  wav, 
to  a  similar  temperature,  for  the  same  time,  and  the  loss  again  determined.  The 
loss  in  the  second  instance  is  now  to  be  deducted  from  the  loss  found  in  the  first 
experiment,  and  the  remainder  is  then  to  be  taken  as  the  quantity  of  water 
present. 

5.  Determination  of  Dirt  in  Scale. — The  amount  of  dirt  present  in  scale  is  to  be 
determined  by  melting  a  weighed  quantity  of  the  scale,  and,  after  subsidence, 
pouring  off  the  clear  paraffin.  The  residue  is  then  mixed  with  naphtha,  thrown  on 
a' weighed  dry  filter  paper,  washed  with  naphtha  or  ^olioe,  dried,  and  weighed. 
When  available,  the  quantity  of  scale  to  be  used  m  the  determination  of  the 
percentage  of  dirt  should  not  be  less  than  7,000  grains. 

6.  Calculation  of  the  BesuUs  of  the  Analysis  of  Scale. — As  the  oil  is  determined 
on  scale  which  has  been  freed  from  water  and  dirt,  the  result  must  be  calculated 
back  to  the  original  scale  containing  water  and  dirt. 

7.  Determination  of  the  Melting  (Setting)  Point  of  Solid  Paraffin. — This  is  to  be 
determined  by  what  is  known  as  the  **  English"  test — i.e.,  a  test  tube  about 
1  inch  in  diameter  is  filled  to  the  depth  of  about  2  inches  with  the  melted  paraffin, 
a  small  thermometer  is  inserted,  and  the  whole  steadily  stirred,  while  the  test 
tube  and  its  contents  are  allowed  to  cool  slowly.  The  temperature  at  which  the 
thermometer  remains  stationary  for  a  short  time  is  the  melting  (setting)  point. 

n.  Flashing  Point  of  Heavy  Mineral  Oil. 

8.  Deierminaiion  of  the  Flashing  Point  of  Heavy  Mineral  Oil. — The  oil  cup  and 
cover  of  the  ordinary  **  Abel  '*  flash-point  apparatus  is  to  be  employed.  The  cup 
is  filled  with  oil  in  the  usual  manner,  and  the  rate  of  heating  is  to  be  such  that  at 
least  fifteen  minutes  are  taken  in  raising  the  temperature  of  the  oil  to  300"*  F.  In 
the  event,  however,  of  a  dispute  arising  as  to  the  correct  flashing  point  of  a  heavy 
mineral  oil,  the  question  is  to  be  decided  by  means  of  the  **  Pensky-Martens 
ap^)aratus  {Journ,  S.  C.  Jnd.,  NniL,  734). 

ni.  Viscosity  of  Mineral  Oil. 

9.  Determination  of  the  Viscosity  of  Mineral  Oil. — The  instrument  known  as  the 
**  Redwood  "  viscometer  is  that  which  is  to  be  employed  in  the  determination  of 
the  viscosity  of  mineral  oils.  The  instrument  is  to  be  standardised  according  to 
the  directions  given  by  Mr.  Boverton  Redwood  (Journ.  S,  C.  Ind.^  v.,  127).  Ordi- 
nary results  are  to  be  expressed  as  the  time  in  seconds  which  50  c.c.  of  the  oil 
take  to  flow  through  the  orifice,  at  a  temperature  of  70**  F. 

IV.  Setting  Point  of  Mineral  Oil. 

10.  Determination  of  the  Setting  Point  of  Mineral  Oil. — This  is  determined  in  the 
following  manner : — Into  a  test  tube  having  a  diameter  of  about  H  inch,  the  oil 
to  be  tested  is  added  to  the  depth  of  about  2  inches ;  the  tube  is  then  immersed  in 
a  freezing  mixture,  the  oil  being  slowly  stirred  with  a  thermometer  till  it  is  cooled 
down  coDsiderably  below  the  temperature  at  which  solid  paraffin  first  appears. 
The  tube  is  then  removed  from  the  freezing  mixture,  the  oil  constantly  stirred 
with  the  thermometer,  and  the  point  carefully  watched  at  which  the  last  trace  of 
solid  paraffin  disappears.  This  operation  is  repeated  with  the  same  sample  of  oil 
until  two  experiments  give  concordant  results,  the  temperature  so  found  being  the 
setting  point. 

Chemical  Examination. — The  chemical  examination  of  the  raw 
materials  and  products  to  which  this  work  relates,  as  distinguished 
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from  the  application  of  the  usual  physical  tests  already  described,  is 
not,  as  a  rule,  necessary,  and  its  character  varies  with  the  use  which 
is  to  be  made  of  the  material.  The  principal  chemical  tests  have  been 
fully  described  in  Mr.  Alfred  H.  Allen's  Commercial  Organic  Analysis^ 
2nd  ed.,  ii.,  and  from  this  work,  the  portion  of  which  relating  to 
petroleum  was  submitted  by  Mr.  Allen  to  the  author  for  perusal 
and  revision,  a  considerable  amount  of  the  following  matter  is  tiaken. 

It  has  been  already  shown  in  the  section  dealing  with  the  Chemistry 
of  Petroleum,  &c.,  and  in  that  treating  of  the  Shale  Oil  Industry,  that 
the  petroleum  of  America  consists  mainly  of  members  of  the  paraffin 
group ;  Russian  petroleum  of  naphthenes,  which  are  isomeric  with  the 
olefines ;  and  shale  oil,  very  largely  of  hydrocarbons  of  the  olefine 
group.  The  action  of  concentrated  nitric  and  sulphuric  acids  on  shale 
oil  is  much  more  energetic  than  on  petroleum,  and  may  serve  to 
distinguish  these  products,  but  a  better  method  consists  in  the 
treatment  with  bromine,  which  has  no  action  on  the  paraffins  or 
naphthenes,  but  is  readily  absorbed  by  olefines.  The  following  method 
of  applying  the  bromine  test  to  commercial  products  from  shale 
and  petroleum,  is  recommended  by  Mr.  Allen : — An  approximately 
decinormal  solution  of  bromine  is  made  by  dissolving  2  c.c.  of 
bromine  in  750  c.c.  of  recently  distilled  carbon  bisulphide,  and  the 
solution  having  been  dried  by  adding  some  lumps  of  fused  calcium 
chloride,  is  preserved  in  the  dark.  From  0'3  to  1  gramme  of  the  oil, 
or  a  certain  volume  of  a  solution  of  the  oil  in  carbon  bisulphide 
containing  a  known  amount  of  the  oil,  is  weighed  or  measured  out 
into  a  perfectly  dry  stoppered  flask  or  separator,  and  the  solution 
is  diluted,  if  necessary,  with  carbon  bisulphide  (dried  over  calcium 
chloride)  to  about  25  c.c.  Then  25  c.c.  of  the  bromide  solution  is 
added  and  the  flask  is  stoppered,  agitated,  and  left  in  the  dark  for  a 
quarter  of  an  hour.  If  the  liquid  is  not  distinctly  red  after  the 
agitation,  a  further  quantity  of  the  bromine  solution  is  added  without 
delay.  After  a  quarter  of  an  hour,  an  excess  of  an  aqueous  solution 
of  potassium  iodide  is  poured  in,  and  the  mixture  is  agitated.  The 
bromine  which  was  not  absorbed  by  the  oil,  having  thus  been  replaced 
by  an  equivalent  amount  of  free  iodine,  the  flask  is  removed  to  a  light 
place  and  the  contents  titrated  with  a  decinormal  solution  of  sodium 
thiosulphate,  made  by  dissolving  24 '8  grammes  of  the  crystallised  salt 
in  one  litre  of  water.  The  titration  is  conducted  in  the  usual  manner, 
the  final  change  being  rendered  more  sharp  by  adding  a  few  drops 
of  starch  solution  when  the  bisulphide  is  nearly  decolourised.  The 
bromine  solution  used,  requires  to  be  occasionally  standardised  by 
treating  25  c.c.  of  its  solution  in  carbon  bisulphide  with  potassium 
iodide  and  titrating  exactly  as  above.  The  difference  between  the 
volume  of  thiosulphate  now  required  and  that  used  after  treating 
the  oil,  represents  the  volume  corresponding  with  the  amount  of 
bromine  absorbed.  One  c.c.  of  the  thiosulphate  solution  should  corre- 
spond with  0008  gramme  of  bromine.  If  the  crystalline  thiosulphate 
used  be  pure,  and  be  crushed  and  dried  between  blotting-paper  before 
being  weighed   out,  the  solution   will   contain  so  nearly  the   right 
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proportion  of  the  salt  that,  if  it  be  required  for  ordinary  use,  there 
is  no  necessity  to  standardise  it  by  iodine.  It  is  found  that,  if  the 
bromine  treatment  of  the  oil  be  allowed  to  proceed  in  the  light  (even 
if  dijQTused),  a  markedly  larger  quantity  of  bromine  is  absorbed.  The 
following  table  gives  the  results  obtained  by  Mr.  Allen  in  the 
application  of  this  system  of  testing  to  a  number  of  oils  : — 


Grammes  of 

Sp.  gr.  at 

Bromine 

Bromine  as 

Description  of  Substance. 

6C?F. 

reacting  with 

HBrper 

(=  16-6"  C.) 

100  grammes 
of  Sample. 

100  grammes 
of  Sample. 

Gasolines — 

From  shale, 

0-665 

62-2 

1-1 

From  American  petroleum,  . 

0-650 

17-9 

3-1 

Naphthcu — 

Shale  naphtha, 

0-720 

67-2 

4-0 

C-naphtha  from  American  petroleum,  . 

0-706 

18-3 

•  •  • 

Bumiiuj  oils — 

From  shale, 

0-813 

61-3 

3-0 

From  American  petroleum,  . 

0-800 

34-8 

•  •  • 

From  Eussian  petroleum,     . 

0-821 

2-0 

01 

Intermediate  oils — 

From  shale, 

0-850 

48-2 

•  •  • 

"Mineral     sperm     oil"      (American 

petroleum),     .         .         .         .     '    . 

0-847 

32-3 

•  •  • 

"  Pyronaphtha  "  (Russian  petroleum), . 

0-868 

1-9 

01 

Lubricating  oils — 

From  shale, 

0-890 

25-6 

5-8 

Cylinder  oil  (from  shale). 

0-890 

11-0 

•  •  • 

From     American     petroleum     ( heavy 

sphidle  oil), 

0-900 

11-7 

•  •  • 

From  Russian  petroleum. 

0-904 

4-9 

0-8 

"Champion  oil"  (American  petroleum). 

0-911 

9-9 

0-8 

Cylinder  oil  (Russian  petroleum), 

0-909 

6-8 

0-6 

Vaselineft — 

From  American  petroleum  (Chesebrough 

Co.), 

0-866 

11-3 

1-8 

From  Russian  petroleum, 

•  •• 

1-7 

0-3 

Paraffin  waxes— 

• 

From  shale  (m.p.  52"  C),      . 

•  •  • 

1-7 

0-5 

From  petroleum  (m. p.  oi"  C), 

•  •  • 

0-9 

0-2 

MM.  A.  Riche  and  G.  Halphen  ^  have  recently  devised  a  process  for 
determining  whether  a  petroleum  distillate,  such  as  kerosene,  has 
been  obtained  from  American  or  from  Russian  crude  petroleum,  and  for 
distinguishing  crude  petroleum  from  mixtures  of  petroleum  distillate 
and  residuum.  The  process  consists  in  the  gradual  addition  by  means 
of  a  burette,  of  a  mixture  of  equal  volumes  of  anhydrous  chloroform 
and  93  per  cent,  alcohol,  to  4  grammes  of  the  sample  of  oil,  until 
solution  is  eflfected  and  the  liquid  becomes  clear.     In  the  case  of  the 

^  Journ,  Pharm,  Chim.,  1894,  xxx.,  289;  Joum,  Soc,  Chem,  Ind..  xiv.  (1895), 
190. 
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petroleum  distillates,  it  was  found,  as  the  result  of  a  large  number  of 
experiments,  that  while  with  the  more  volatile  fractions  obtained 
respectively  from  American  and  Russian  crude  petroleum,  there  was 
but  little  difference  in  solubility,  with  the  fractions  of  higher  boiling 
points,  having  densities  of  0*800  and  upwards,  the  American  product 
required  a  considerably  larger  quantity  of  the  solvent  to  produce  a 
clear  liquid  than  sufficed  for  the  Russian  product  of  corresponding 
specific  gravity.  As  regards  the  other  application  of  the  process  it 
was  found  that  samples  of  crude  petroleum  required  much  more  of  the 
solvent  to  produce  a  clear  liquid,  than  fractions  of  the  same  density 
obtained  by  distillation. 

The  author  has  found  this  process  useful  in  the  approximate 
determination  of  the  pro])ortions  of  American  and  Russian  kerosene 
present  in  mixtures  of  these  two  products.  25  per  cent.,  or  less,  of 
Russian  kerosene,  in  admixture  with  American  kerosene,  may  be 
detected,  but  it  is  necessary  to  pay  particular  attention  to  the  strength 
of  the  alcohol  used  in  preparing  the  solvent  liquid,  very  slight 
differences  in  the  amount  of  water  having  a  marked  effect  upon  the 
results.  A  number  of  blank  experiments  should,  therefore,  be 
performed  with  oils  of  known  origin  and  mixtures  in  various  propor- 
tions, with  the  freshly-prepared  test  liquid,  before  using  it  in  the 
examination  of  unknown  samples.  The  following  results  were 
obtained  in  the  author's  laboratory  : — 

c.c.  of  solvent  required 
for  4  grammes. 

ActuaL     Theoretical. 

A.  American  kerosene,  specific  gravity  0*797,    .        .        6  1 

B.  Russian  kerosene,  ,,  0*824,     .         .        4*8 

25  per  cent.  A ,  and  75  per  cent.  B,     ....        5*1  5*2 

oil  ,,  ,y  dU  ),  ,,  •  .  .  •  00  <)*d 

70        ,,  ,,  ZO  i»  I)         •  *  *  *  O  o  0*0 

For  determining  the  ash  yielded  by  petroleum,  it  is  usual  to  evapo- 
rate down  a  known  volume  of  the  oil  and  ignite  and  weigh  the  residue. 
It  is  best  to  distil  down  1,000  grammes  of  the  oil  to  about  40  grammes, 
and  to  transfer  this  to  a  weighed  platinum  dish,  evaporate  to  dryness, 
ignite,  and  weigh.  A.  Stepanow  ^  recommends  the  following  method 
as  avoiding  the  unpleasant  production  of  soot  which  otherwise  takes 
place,  the  bulk  of  the  oil  being  evaporated  off  prior  to  the  ignition 
proper,  but  the  whole  test  being  performed  in  the  weighed  dish : — 
70  to  90  grammes  of  oil  is  heated  in  a  platinum  dish,  over  which  is 
placed  a  closely-fitting  conical  or  globular  glass  cover  connected  to 
a  condenser,  a  receiver,  and  finally  a  powerful  aspirator,  by  means 
of  tubing.  In  about  fifteen  minutes,  the  greater  part  of  the  oil  will 
have  been  evaporated  and  collected  in  the  receiver.  A  fresh  portion 
is  then  poured  into  the  dish,  and  so  on,  until  200  to  300  grammes 
has  been  treated.  The  comparatively  small  residue  of  coke  remain- 
ing in  the  dish  may  then  be  heated  until  no  more  fumes  are  evolved, 
and  finally  ignited  over  a  blowpipe  or  in  a  current  of  oxygen. 

A  mineral  lubricating  oil  should  volatilise  without  the  production 

^  Chem,  ZeiL  Rep.,  1892,  xxxi.,  348. 
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of  any  very  pungent  odour,  and  if  the  vapour  is  ignited  and  the  flame 
extinguished,  there  should  be  no  smell  of  resin  or  acrolein.  Oil 
ignition,  the  oil  should  leave  no  inorganic  residue,  or  only  a  trace 
(less  than  0*05  per  cent.).  If  a  residue  is  left,  the  oil  may  contain 
alkali,  or  the  soap  of  an  alkali  metal,  or  palmitate  or  oleate  of 
aluminium.  The  presence  of  the  last  two  may  be  detected  by 
agitating  the  oil  with  ether  and  dilute  acid,  separating  the  aqueous 
layer  and  adding  to  it  a  slight  excess  of  ammonia,  when  a  white 
gelatinous  precipitate  will  be  thrown  down  if  either  of  the  aluminium 
compounds  in  question  is  present. 

The  following  particulars  of  the  ^'alkali  test"  for  Eussian  petroleum 
products,  which  has  already  been  briefly  described  on  p.  542,  have  been 
given  by  K.  Lissenko  and  A.  Stepanow.^ 

About  ten  years  ago,  endeavours  were  made  in  the  Russian  petro- 
leum districts  to  reduce  the  quantity  of  caustic  soda  used  in  the 
retining  of  petroleum.  Kerosene  was  obtained  which  satisfied  the 
usual  tests,  but  in  practice  was  found  unsuitable  for  use  as  lamp  oil, 
as  it  did  not  rise  freely  in  the  wick.  Investigation  proved  that 
this  was  due  to  the  presence,  in  the  kerosene,  of  small  quantities  of 
saponaceous  salts,  and  analysis  sometimes  showed  as  much  as  0*04 
gramme  of  ash  from  1,000  grammes  of  kerosene,  this  ash  consisting 
of  CaO,  MgO,  FcgOg,  NagO,  and  SO3.  Further  investigation  proved 
that  for  a  lamp  oil,  the  ash  should  certainly  not  exceed  001  gramme 
per  1,000  grammes  of  oil,  and  that  in  the  best  oils,  it  generally  varied 
between  0004  and  0007  gramme.  The  presence  of  these  soaps  or 
salts  is  equally  detrimental  in  lubricating  oils. 

As  the  ash  determination  is  troublesome,  and  somewhat  uncer- 
tain on  account  of  possible  loss  of  sodium  salts  by  volatilisation,  the 
so-called  **  alkali  test "  was  introduced.  Though  used  with  various 
.slight  modifications,  it  consists  mainly  in  mixing,  in  a  flask,  300  or 
oOO  c.c.  of  kerosene  with  6  or  10  c.c.  of  a  2  per  cent,  solution  of 
caustic  soda,  warming  to  60°  or  70"  C,  and  shaking  the  whole  violently 
for  five  minutes.  The  mixture  is  then  transferred  to  a  separating 
funnel,  the  alkaline  extract  filtered  through  a  double  filter,  and 
acidulated  with  HCl.  The  acids  in  the  petroleum  and  in  the- 
saponaceous  salts  which  are  extracted  by  the  alkali,  are  thus  pre- 
cipitated, and  the  degree  of  turbidity  produced  thereby,  indicates  the 
amount  of  impurity  present  in  the  oil.  The  turbidity — originally 
simply  roughly  stated  as  satisfactory  or  the  reverse — is  now  estimated 
by  the  size  of  print  which  can  be  read  through  the  opalescent  liquid 
contained  in  a  glass  cylinder  of  given  diameter,  the  operator  being 
required  to  specify  the  diameter  of  the  cylinder,  and  the  size  of  print 
he  can  just  discern.  The  kerosenes  are  now  divided  into  classea 
according  to  the  results  given  by  this  "  alkali  test,'*  and  a  definitely 
fixed  scale  is  being  constructed.  Even  the  best  kerosenes  give  a 
slight  opalescence.  The  theory  of  the  test  is  clear — viz.,  that  the 
soaps  and  acids  present  in  the  oil  are  dissolved  in  the  dilute  alkali^ 

^  Dingier' 8  polyt,  /oum.,  cczc,  139-143;  Journ.  So€,  Chem,  Ind.,  xiii.  (1894),, 
177,  178. 
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and  on  acidifying  the  alkaline  extract,  the  acids  which  are  insoluble 
in  water,  render  the  extract  opalescent.  In  testing  lubricating  oils, 
which  generally  contain  a  considerably  larger  quantity  of  ash  (some- 
times as  much  as  0*125  gramme  per  1,000  grammes  of  oil)  the  test  is 
somewhat  modified.  In  this  case,  5  c.c.  of  a  1*5  per  cent,  caustic  soda 
solution,  is  mixed  with  10  c.c.  of  the  oil,  the  whole  heated  to  80**  C, 
shaken  violently  for  some  time,  allowed  to  stand  at  TO"*  0.  for  two 
to  three  hours  to  settle,  and  then  examined.  If  the  aqueous  layer 
is  then  milky,  and  there  is  a  more  or  less  considerable  precipitate 
between  the  aqueous  and  the  oil  layers,  the  oil  is  undoubtedly 
insufficiently  purified.  In  most  cases,  the  aqueous  solution  is  clear, 
but  a  more  or  less  marked  yellowish-red  film  is  seen  at  the  point  of 
contact  of  the  two  layers.  In  such  cases,  if  the  ash  is  small,  the  oil 
is  a  satisfactory  lubricating  oil.  It  only  very  rarely  occurs  that  the  oil 
is  so  absolutely  free  from  salts  and  acids  as  to  give  no  film.  Another 
form  of  this  test  sometimes  used  for  kerosene,  is  to  shake  the  oil  to  be 
tested,  with  a  small  quantity  of  strong  caustic  soda  solution.  If  the 
kerosene  is  pure,  the  two  liquids  rapidly  separate  again  with  a  perfectly 
bright  contact  surface.  If  the  kerosene  is  impure,  a  whitish  film  forms 
at  the  point  of  contact  of  the  two  liquids.  This  form  of  test,  however, 
only  decides  between  pure  and  impure  oil,  and  gives  no  indication  of 
the  degree  of  impurity. 

The  view  held  in  Baku  and  elsewhere  of  this  alkali  test,  was  that 
the  alkali  dissolved  out  the  soaps  (possibly  in  the  form  of  basic  salts), 
and  that  the  test  was  a  definite  proof  of  the  presence  or  absence  of 
these  soaps  in  the  oil.  Lissenko  and  Stepanow  have  carefully  investi- 
gated this  matter,  and  their  conclusions  (confirmatory,  in  many 
respects,  of  the  work  of  Doroschenko  and  of  Engler)  are  as  follows  : — 
These  saponaceous  salts  are  almost  absolutely  insoluble  in  pure  neutral 
petroleum,  but  dissolve  readily  in  the  same  if  it  contains  a  trace  of 
naphtha  acids.  Almost  all  petroleum  contains  more  or  less  of  these 
acids,  which  are  generally  mixtures  of  hydro-aromatic  and  sulphonic 
acids  and  phenolic  compounds.  Kerosene,  when  distilled  in  the  air,  or 
even  when  shaken  at  TO**  to  80"  C.  with  air,  usually  undergoes  slight 
oxidation  with  formation  of  traces  of  these  acid  compounds,  so  that 
absolutely  neutral  kerosene  is  rarely  met  with.  The  salts  of  these 
naphtha  acids  undergo  partial  hydrolysis  in  the  presence  of  water,  and 
though  excess  of  alkali  in  some  degree  prevents  this  hydrolysis,  the 
latter  is  not  completely  sto])ped  till  the  excess  of  caustic  soda  amounts 
to  at  least  10  per  cent,  of  the  water.  Thus,  in  the  purification  of 
petroleum  by  weak  alkali,  as  now  often  practised,  and  subsequent 
washing  with  water,  part  of  the  salts  first  formed  becomes  again 
hydrolysed,  the  acid  so  liberated  is  taken  up  again  by  the  petroleum, 
and  the  acid  petroleum  in  its  turn  redissolves  some  of  the  salts. 
Lissenko  and  Stepanow,  therefore,  believe  that  for  good  purification, 
final  treatment  with  strong  caustic  alkali  should  be  adopted.  The 
presence  of  small  quantities  of  these  naphtha  acids  in  the  oil  does  not 
seem  to  be  detrimental  so  long  as  no  salts  are  present.  From  this 
point  of  view  the  alkali  test,  as  at  present  carried  out,  is  unsatisfactory, 
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as  it  really  only  determines  the  presence  or  absence  of  these  naphtha 
acids  without  deciding  whether  they  are  present  in  the  free  state 
alone,  or  also  in  the  form  of  the  detrimental  salts.  As  the  ash 
determination  is  difficult,  and  not  altogether  satisfactory,  testing  for 
these  salts  is  at  i)resent  unsatisfactory.  The  authors  suggest  as  a  test 
which,  as  far  as  preliminary  trials  go,  seems  to  be  satisfactory — the 
shaking  of  the  petroleum  to  be  tested  with  water  containing  a  few 
drops  or  phenolphthalein.  If  salts  are  present,  hydrolysis  takes  place, 
and  the  liberated  alkali,  being  taken  up  by  the  water  (whilst  the  acid 
remains  in  the  oil),  colours  the  solution  violet.  The  aqueous  extract 
may  oven  be  titrated.  Further  investigation  of  this  test  is,  however, 
required. 

As  a  test  for  the  presence  of  sulphur  compounds  in  mineral 
spirit,  the  sample  may  be  boiled  for  a  few  minutes  with  alcohol  and  a 
few  drops  of  ammonia,  and  nitrate  of  silver  solution  then  added,  when 
there  should  be  no  brown  coloration.  Mineral  spirit  containing 
sulphur  compounds  is  unfit  for  use  as  a  substitute  for  oil  of  turpentine, 
as  it  is  liable  to  cause  darkening  of  light  coloured  paints.  Warm 
water  agitated  with  mineral  spirit  should  not  acquire  the  faintest 
acidity,  and  should  give  no  precipitate  with  barium  chloride.  Mineral 
burning  oils  may  contain  sulphur  compounds  originally  present  in 
the  raw  materials  from  which  they  were  obtained.  Oils  which,  like 
those  produced  by  the  process  of  "  cracking,'*  consist  largely  of  olefines, 
are  also  liable  to  contain  sulphonates  resulting  from  the  action  on  the 
hydrocarbons  of  the  sulphuric  acid  used  in  the  process  of  refining. 

There  are  several  methods  in  use  for  the  detection  and  estimation 
of  sulphur.  The  "  litharge  test "  in  use  in  Canada,  has  already  been 
referred  to  on  p.  541.  A  simple  qualitative  test  consists  in  heating  the 
oil  with  a  fragment  of  metallic  sodium  to  the  boiling  point  for  some 
time,  in  a  flask  j)rovided  with  an  inverted  condenser.  After  cooling, 
water  is  added  drop  by  drop  until  the  sodium  has  been  dissolved. 
More  water  is  then  added ;  the  water  is  separated  and  a  drop  of 
sodium  nitroprusside  is  added.  A  fine  violet-blue  colour  is  produced  if 
the  petroleum  contains  sulphur.  This  test  only  operates  with  sulphur 
compounds  which  form  sodium  sulphide  with  sodium,  and  thus 
discriminates  between  such  sulphur  compounds  and  sulphuric  acid. 
The  sodium  nitroprusside  is  prepared  by  warming  a  few  crystals  of 
potassium  ferricyanide  with  strong  nitric  acid  until  red  fumes  are 
copiously  evolved,  the  solution  being  then  diluted  and  neutralised 
with  sodium  carbonate.  Carius  converts  the  sulphur  into  sulphuric 
acid  by  heating  the  oil  with  nitric  acid,  the  sulphuric  acid  being 
finally  precipitated  with  barium  chloride,  but  the  action  of  the  nitric 
acid,  especially  in  the  case  of  shale  oils,  often  fails  to  result  in  the 
complete  oxidation  of  the  sulphur.  Many  chemists  estimate  the 
sulphur  by  an  ordinary  "combustion"  with  oxygen.  Holand^ 
em[)loys  for  the  combustion  process,  an  intimate  mixture  of  finely- 
divided  pure  barium  carbonate  and  potassium  chlorate.  A  potash- 
glass  combustion  tube  40  cm.  long  is  used,  sealed  at  one  end.     The 

^  Chem.  Zeit.,  xvii.,  99  and  130. 
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liquid  to  be  examined  is  dropped  in  from  a  weighed  pipette,  &c.,  and 
spread  about  over  as  large  a  surface  of  this  mixture  as  possible, 
conveniently  by  diluting  with  ether,  and  subsequently  allowing  this 
solvent  to  evaporate.  After  the  combustion  is  over,  the  contents  of 
the  tube  are  treated  with  hydrochloric  acid  and  the  undissolved  barium 
sulphate  weighed.  Evolution  of  sulphuretted  hydrogen  indicates  im- 
perfect oxidation.  With  volatile  oils,  or  petroleum  containing  the 
more  volatile  hydrocarbons,  the  process  of  combustion  in  a  current  of 
oxygen,  or  that  of  treatment  with  an  oxidising  mixture,  does  not 
answer  well,  as  explosions  are  liable  to  occur.  In  such  cases,  the 
author  prefers  to  estimate  the  sulphur  by  burning  a  weighed  quantity 
of  the  oil  in  a  lamp,  and  passing  the  products  of  combustion  through 
a  cylinder  containing  glass  beads  moistened  with  ammonia,  such  as  is 
employed  in  determining  the  sulphur  in  coal  gas.  The  sulphur  is  pre- 
cipitated and  weighed  as  barium  sulphate.  Heavy  or  viscous  oils 
which  would  not  burn  alone,  must  be  diluted  with  kerosene  known  to 
contain  no  sulphur.  The  author  has  found  as  much  as  119  grains  of 
sulphur  per  gallon  in  Canadian  kerosene.  The  products  of  com- 
bustion of  this  oil  injured  the  plants  in  a  conservatory. 

The  following  modification  of  the  Burton-Sauer  method,  is  described 
by  C.  F.  Mabery^  as  being  of  service  in  the  estimation  of  the  sulphur 
present  in  Canada  and  Ohio  petroleums  : — The  substance  contained  in 
a  porcelain  boat,  is  burnt  in  a  current  of  air,  the  products  of  combustion 
passing  through  a  dilute  solution  of  caustic  soda.  The  combustion 
tube  (18  mm.  internal  diameter)  is  constricted  at  the  middle,  and  the 
air  passes  in  from  the  rear  through  a  narrow  tube  which  reaches  this 
constriction.  The  forward  part  of  the  combustion  tube  is  connected 
with  a  U-tube  (34  cm.  high,  25  mm.  internal  diameter)  which  is 
partially  filled  with  broken  glass,  and  contains  50  c.c.  of  caustic  soda 
solution,  of  a  strength  corresponding  to  1  ragrm.  or  5  mgrms.  of 
sulphur  per  cubic  centimetre,  according  to  the  amount  of  sulphur  in 
the  oil  under  investigation.  The  titration  of  the  excess  of  alkali  is 
performed  in  the  U-tube  itself,  methyl  orange  being  used  as  indicator. 
No  nitrogen  acids  are  formed  during  the  combustion,  and  the  results 
agree  closely  with  those  obtained  by  the  Carius  method. 

The  sulphur  present  in  comparatively  non-volatile  descriptions  of 
petroleum,  bitumen,  tkc,  may  be  estimated  by  the  magnesia-soda 
process.  This  consists  in  making  a  mixture  of  about  1  gramme  of 
the  substance  with  IJ  gramme  of  a  mixture  of  2  parts  of  calcined 
magnesia  and  1  part  of  sodium  carbonate,  and  igniting  it  in  a  platinum 
crucible  for  over  an  hour.  The  mass  is  extracted  with  water  with  the 
addition  of  bromine  to  ensure  perfect  oxidation,  the  solution  is  then 
tiltered,  acidulated  with  hydrochloric  acid,  heated  to  expel  bromine, 
and  the  sulphuric  acid,  into  which  form  the  whole  of  the  sulphur  has 
l>een  converted,  is  precipitated  with  barium  chloride.  Magnesia  and 
sodium  carbonate  free  from  sulphur  compounds  must  of  course  be  used. 

Mineral    lubricating    oils    are   frequently   mixed   with    seed    oils ; 
**blown"   rape   oil,    or    ** blown"   cotton    oil,   being    in    some    cases 
*  Amer.  Chem.  Joum.,  xvi.,  5-^-Zol ;  Joum.  Soc.  Ch^m.  IikL,  xiv.  (IS95),  19C. 
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employed  to  give  largely  increased  viscosity.  A  small  proportion  of 
an  animal  oil  is  often  added  to  mineral  cylinder  oils.  Artificial 
viscosity  is  occasionally  imparted  to  some  of  the  less  viscous  mineral 
lubricating  oils  by  the  addition  of  aluminium  palmitate  or  oleate. 
Admixture  with  rosin  oil  is  also  sometimes  practised.  Fixed  oils 
may  be  detected,  and  the  proportion  determined  by  difference,  by 
treating  the  sample  with  an  alcoholic  solution  of  caustic  potash,  and 
separating  the  hydrocarbons  from  the  soap  by  means  of  ether,  which 
is  afterwards  removed  by  distillation  and  evaporation.  The  details 
of  this  process  are  given  fully  in  Allen's  work  already  referred  to. 
"With  some  descriptions  of  compound  oils,  the  separation  of  the  hydro- 
carbons is  attended  with  considerable  difficulty,  and  the  author  finds 
that  in  such  casei  the  extension  of  the  Koettstorfer  process  described 
by  Mr.  Harold  Gripper^  may  be  adopted  with  advantage.  The 
process  consists  in  the  saponification  of  the  sample  with  alcoholic 
potash  solution  and  titration  with  hydrochloric  acid.  It  is  obvious 
that  unless  the  nature  of  the  saponifiable  oil,  and,  therefore,  its 
saponification  equivalent,  is  known,  the  mean  of  the  equivalents  of 
oils  likely  to  be  present  must  be  taken,  and  thus  an  error  may  be 
introduced;  but  even  allowing  for  this,  the  author's  experience  is 
that  the  process  gives,  with  some  compound  oils,  more  satis&ctory 
results  than  the  method  previously  described.  Besides  which  the 
Koettstorfer  process  may  be  carried  out  in  the  course  of  an  hour, 
while  the  other  occupies  a  considerable  amount  of  time. 

For  the  detection  of  fixed  oils  in  mineral  oils.  Lux's  test  may  be 
employed.  This  consists  in  heating  about  5  c.c.  of  the  oil  in  a  test 
tube  with  a  small  piece  of  sodium  hydrate,  the  presence  of  10  per 
cent,  or  more  of  saponifiable  oil  being  indicated  by  the  solidification 
of  the  liquid  on  cooling.  An  improvement  on  this  test,  described  by 
Mr.  James  Cameron,^  consists  in  heating  portions  of  the  sample  in 
two  test  tubes  in  a  paraffin  bath  to  a  temperature  of  200'  to  210'  C, 
some  shavings  of  potassium  being  placed  in  one  tube  and  a  stick  of 
potassium  hydrate,  standing  about  1  cm.  above  the  surface  of  the  oil, 
in  the  other.  It  is  stated  that  if  the  mineral  oil  contains  as  much  as 
2  per  cent,  of  fatty  oil,  the  sample  is  converted  into  a  tough  jelly  in 
one  of  the  tubes,  and  usually  in  both. 

A  method  employed  at  Baku  for  testing  the  neutrality  of  kerosene 
is  described  on  p.  542.  Mr.  Allen  recommends  that  in  the  case  of 
a  lubricating  oil,  the  proportion  of  free  aoid,  which  may  be  con- 
siderable when  an  animal  or  vegetable  oil  has  been  mixed  with  a 
mineral  oil,  should  be  determined  first  in  the  original  oil,  by  a 
decinormal  solution  of  caustic  soda,  using  phenolphthalein  as  an 
indicator.  Another  portion  of  the  oil  (50  grammes),  mixed  with  an 
equal  bulk  of  water,  is  then  heated  in  a  closed  bottle,  immersed  in 
water,  and  frequently  agitated.  After  six  or  eight  hours,  the  bottle 
is  opened  and  the  oil  and  water  are  separately  titrated  as  above.  The 
acidity  of  the  water  will  usually  be  due  to  free  sulphuric  acid  produced 
by  decomposition  of  sulphonates  in  the  mineral  oil,  and  if  considerable, 
"  1  aiemicoU  News,  Ixv.  (1892),  27.  *  OiU  and  FarniViM,  1886,  283-284. 
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indicates  an  inferior  oil  The  acidity  of  the  oil  itself  will  indicate  the 
amount  of  fatty  acids  formed  by  the  heating  with  water,  together  with 
the  acids  originally  present.  In  the  case  of  cylinder  oils,  the  heating 
with  water  may  be  performed  by  placing  the  oil  and  water  in  a 
sealed  glass  tube,  plunged  in  a  boiling  saturated  solution  of  calcium 
chloride.  The  titration  of  the  aqueous  solution  is  effected  in  the 
usual  manner,  but  the  oil  is  treated  by  the  method  first  proposed  by 
Hausmann.  A  few  drops  of  an  alcoholic  solution  of  phenol phthalein 
is  added  to  some  methylated  spirit  purified  by  re-distillation,  and 
dilute  caustic  soda  solution  is  added  drop  by  drop  until  the  liquid 
retains  a  faint  pink  colour.  Having  thus  been  freed  from  acid,  from 
50  to  100  c.c.  of  the  spirit  is  poured  into  a  stoppered  flask  in  wliich  a 
weighed  quantity — ^^say  50  grammes — of  the  oil  has  been  placed,  and 
the  mixture  is  heated  to  the  boiling  point  with  frequent  agitation. 
If  the  oil  contain  no  free  acid,  the  pink  colour  will  be  unchanged,  but 
if  the  colour  disappear,  a  semi-normal  solution  of  caustic  soda  (20 
grammes  sodium  hydrate  in  1  litre  of  water)  is  added  drop  by  drop 
with  constant  agitation,  until  the  pink  colour  returns  and  remains 
after  vigorous  shaking.  Where  only  slight  acidity  is  suspected,  a 
deci-normal  alkali  should  be  used.  The  acidity  is  determined  by  the 
amount  of  caustic  soda  required,  but  the  amount  of  the  acid  or  acid- 
producing  bodies  cannot  be  precisely  determined  unless  their  nature 
is  also  known.  Thus,  1  c.c.  of  the  semi-normal  alkali  corresponds  with 
0*256  gramme  of  free  palmitic  acid,  but  with  0*284:  gramme  of 
stearic  acid. 

For  the  detection  of  rosin  oil,  Allen  recommends  the  addition  to 
a  few  drops  of  the  sample,  dissolved  in  about  1  c.c.  of  carbon  bi- 
sulphide, of  a  solution  of  stannic  bromide,  with  excess  of  bromine,  in 
carbon  bisulphide.  The  production  of  a  fine  violet  colour,  indicates  the 
presence  of  rosin  oil.  This  test  is  a  more  delicate  modification  of  that 
of  Renard,  who  observed  that  anhydrous  stannic  chloride  produces 
a  violet  colour  with  rosin  oil.  The  stannic  bromide  is  best  prepared  by 
allowing  bromine  to  fall  drop  by  drop  upon  granulated  tin  contained  in 
a  flask  immersed  in  cold  water.  When  the  permanent  colour  indicates 
the  presence  of  excess  of  bromine,  the  product  is  diluted  with  three 
or  four  times  its  bulk  of  carbon  bisulphide,  in  which  stannic  bromide 
is  soluble.  As  rosin  oil  is  more  soluble  than  mineral  oils  in  acetic 
acid,  it  may  be  partially  separated,  and  the  test  rendered  more  delicate, 
by  agitating  the  sample  in  the  cold  with  two  volumes  of  glacial  acetic 
acid,  and  applying  the  test  to  the  acid  solution.  Professor  Finkener 
of  the  Experimental  Institution  at  Charlottenburg,  recommends  the 
use  of  a  mixture  of  1  volume  of  chloroform  and  10  volumes  of  jilcohol 
of  0*818  specific  gravity,  for  separating  rosin  oil  from  mineral  oils. 
Ten  volumes  of  this  mixture  will  dissolve,  at  23"  C,  1  volume  of 
rosin  oil,  leaving  the  mineral  oil  undissolved. 

A  process  for  the  quantitative  separation  of  rosin  oil  from  mineral 
oil,  has  been  given  by  Mr.  P.  C.  M*Ilhiney.^  It  is  well  known  that 
nitric  acid  when  heated  with  rosin  oil,  converts  the  oil  into  a  brittle 

'  Joum,  Am,  Chem,  Soc,  xvi.,  3S5,  38S;  Journ,  Soc  Chem,  Ind,,  xiv.  (189u),  198. 
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red  resin,  whilst  mineral  oils  are  not  much  affected  when  similarly 
treated.  The  resin  was  found  to  be  insoluble  in  petroleum  ether,  in 
which  the  mineral  oil  readily  dissolves.  The  following  method  of 
carrying  out  the  process  is  recommended  : — 

50  c.c.  of  nitric  acid  (specific  gravity  1*2)  is  heated  to  boiling  in  a 
flask  of  700  c.c.  capacity.  The  flame  is  removed,  and  5  grammes  of 
the  oil  is  dropped  in.  The  flask  is  then  heated  on  the  water  bath, 
with  frequent  shaking,  for  fifteen  to  twenty  minutes,  and  about  406 
c.c.  of  cold  water  is  added.  The  contents  of  the  flask  having  become 
quite  cold,  the  unchanged  mineral  oil  is  next  dissolved  by  shaking 
with  petroleum  ether,  which  is  separated  and  distilled  in  the  usual 
manner.  The  residual  oil  is  weighed;  and  as  mineral  oils  lose  about 
10  per  cent,  when  treated  in  this  way,  the  weight  obtained  divided  by 
0*9  gives  the  amount  of  mineral  oil  in  the  quantity  taken.  A  mixture 
of  70  per  cent,  mineral  oil  and  24  per  cent,  rosin  oil  gave,  by  this 
method,  76*8  per  cent,  of  mineral  oil. 

The  great  difference  in  the  solubility  of  mineral  oils  and  rosin  oils 
in  acetone,  has  been  taken  advantage  of  by  Demski  and  Morawski  ^ 
and  by  Widerhold,^  for  detecting  and  roughly  estimating  adulteration 
with  rosin  oil.  According  to  Widerhold,  a  Russian  spindle  oil  of 
0*898  specific  gravity  dissolved  in  from  40  to  41  volumes  of  acetone,  and 
an  oleonaphtha  of  0*908  specific  gravity  in  70  to  71  volumes,  while 
American  spindle  oils  are  almost  insoluble.  He  applies  the  test 
by  adding  2  c.c.  of  the  oil  to  20  c.c.  of  acetone  in  a  glass  cylinder 
graduated  in  tenths  of  a  c.c.  After  being  warmed  in  a  water  bath  ta 
15"*  C,  the  liquid  is  agitated  and  allowed  to  settle,  and  the  volume 
of  undissolved  oil  is  read  off.  The  test  is,  however,  a  very  rough 
one. 

Mineral  burning  oils  should  bear  agitation  with  an  equal  volume 
of  sulphuric  acid  of  1  *53  specific  gravity  without  darkening  of  colour^ 
and  warm  water  which  has  been  shaken  with  the  oil,  should  not 
exhibit  an  alkaline  or  even  a  faintly  acid  reaction,  or  give  any  pre- 
cipitate with  barium  chloride  solution.  Phenolphthalein  is  a  more 
sensitive  indicator  than  litmus,  but  as  a  test  for  acid,  it  is  con- 
sidered by  some  to  be  liable  to  give  misleading  results  when  neutral 
soaps  are  present,  owing  to  the  decomposition  of  these  compounds. 
Water  on  being  boiled  with  a  mineral  lubricating  oil  should  remain 
bright  and  perfectly  neutral.  When  the  oil  is  agitated  in  a  test  tube 
with  an  equal  volume  of  boiling  water,  and  the  tube  placed  in  a  water 
oven  until  complete  separation  has  taken  place,  there  should  be  na 
white  film  or  layer  at  the  junction  of  the  two  liquids.  On  agitation 
with  an  equal  volume  of  sulphuric  acid  of  1*53  specific  gravity,  the  oil 
should  remain  undarkened  in  colour,  or  should  only  acquire  a  yellow 
tint.  When  10  c.c.  of  the  sample  is  mixed  with  an  equal  volume  of 
nitric  acid  of  1*45  specific  gravity,  there  should  be  but  little  rise  of 
temperature. 

Vaseline  should  leave  no  residue  when  heated  in  a  platinum  dish, 

^  Dmgler^s  polj/tech.  Joum.,  cclviii.,  82. 
2  Journ,/,  prak,  Chemie,  1893,  civ.,  394. 
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and  the  vapour,  after  ignition  and  extinction  of  the  flame,  should 
have  no  smell  of  resin  or  acrolein.  Strong  alcohol,  on  being 
agitated  with  the  sample,  in  the  proportion  of  two  volumes  of  the 
former  to  one  of  the  latter,  and  decanted,  should  exhibit  neither  an 
alkaline  nor  an  acid  reaction,  and  should  not  yield  more  than  a  trace 
of  precipitate  on  dilution  with  water.  On  agitation  with  a  cold 
mixture  of  sulphuric  acid  with  one-ninth  of  its  weight  of  water,  no 
marked  increase  of  temperature  should  occur,  and  the  vaseline  should 
not  be  much  darkened. 

According  to  B.  Lach,^  crude  ozokerite  is  best  valued  as  follows: — 
100  grammes  of  the  sample  is  mixed  with  20  grammes  of  fuming 
sulphuric  acid  in  a  weighed  dish,  the  mixture  being  heated  to  170°  or 
180°  G.  and  constantly  stirred  as  long  as  sulphur  dioxide  is  evolved. 
The  loss  is  said  to  represent  the  petroleum  and  water,  but  Mr.  Allen 
points  out  that  the  loss  of  sulphur  dioxide  and  possible  loss  of  sulphur 
trioxide  are  not  allowed  for,  and  thinks  that  a  better  plan  would  be  to 
dilute  the  mixture  and  separate  and  weigh  the  paraffin  wax.  Another 
test,  recommended  by  Lach,  consists  in  treating  100  grammes  with 
10  grammes  of  the  charcoal  obtained  in  the  manufacture  of  potassium 
ferrocyanide.  The  charcoal  must  have  been  previously  dried  at  HO'^G. 
A  portion  of  the  mixture,  preferably  11  grammes,  is  then  weighed 
into  a  weighed  filter  and  extracted  with  benzene.  The  loss,  or  the 
residue  obtained  by  evaporating  the  benzene,  represents  the  wax. 

The  following  method  of  examining  crude  shale  oil  is  recommended 
by  Mr.  R  Tervet  :— 

A.  1,000  c.c.  of  crude  oil  is  taken,  and,  after  determination  of  the  specific 
gravity,  is  distilled  to  dryness  with  the  use  of  steam,  the  distillate  being  collected 
m  a  separator  of  large  size.     A  cokey  residue  is  left  in  the  still. 

B.  The  separator  is  placed  in  warm  water  to  bring  the  distillate  ('*once  run 
oil ")  to  a  temperature  of  about  40""  C.  After  removing  any  water  that  may 
separate  out,  the  oil  is  agitated  for  at  least  ten  minutes  with  5  per  cent,  by 
volume  of  sulphuric  acid  of  1*70  specific  gravity,  the  temperature  being  kept 
down  by  stanainff  the  vessel  in  water  at  35**  C.  When  the  mixture  has  settled 
for  about  half  an  hour,  the  "acid  tar"  will  have  separated  and  may  be  run  off. 

C.  The  oil  from  B  is  washed  with  16  to  20  c.c.  of  soda  solution  (sp.  gr.  1*30), 
and  the  '^soda  tar  "  removed,  after  settling  for  half  an  hour  in  warm  water. 

/>.  This  once  purified  oil  is  then  measured  and  its  density  ascertained,  placed 
in  a  fresh  still  and  re-distilled  to  dryness,  the  distillate  being  separated  into  two 
or  more  fractions  —  viz.,  naphtha  (E),  light  oil  (F),  heavy  oil  ((?),  and  still 
bottoms  (//).  When  the  density  of  the  first  fraction  (which  is  not  obtained  at 
this  stage  from  all  crude  oils)  reaches  0*780,  another  receiver  is  substituted,  and 
this  serves  until  a  drop,  collected  frqm  the  still  neck  on  a  cool  spatula,  shows  a 
tendency  to  solidify,  wnen  the  second  receiver  is  replaced  by  a  third.  When  the 
distillation  of  the  third  fraction  is  drawing  to  a  close,  a  thick  brown  or  yellow 
viscid  fluid  containing  chrysene  sometimes  comes  over  and  is  collected  separately 
(H),  as,  if  mixed  with  O  it  would  interfere  with  the  crystallisation  of  the  paraffin 
scale,  and  prevent  the  expression  of  oil  from  the  scale.  It  is  advisable  to  mix 
JI  and  F  together  for  treatment  as  below  (/). 

/.  The  crude  light  oil  {F)  is  mixed  with  2  per  cent,  of  strong  sulphuric  acid, 
the  acid  tar  allowed  to  settle  without  warming,  and  after  removal,  the  oil  is 
washed  with  an  excess  of  soda  solution  of  1*36  specific  gravity  and  the  alkaline 
solution  drawn  off.     This  removes  the  chrysene  existiog  in  H. 

^Chem.  ZeU,,iz.,905, 
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J,  The  washed  oil  from  /  is  measured  and  its  density  taken,  and  is  then 
re-distilled  to  dryness.  The  distillate  is  fractionated  into  three  parts  as  before — 
viz.,  naphtha  (up  to  0*750)  [K)y  light  oil  (if),  and  heavy  oil  (i\^),  the  latter  being 
mixed  with  Q, 

K.  The  naphtha  is  added  to  the  corresponding  fraction  from  the  former  stage 
{E)t  and  the  mixture  is  measured  and  its  density  observed,  or,  if  only  in  small 
quantity,  it  is  mixed  with  the  lif^ht  oil  {M). 

O.  The  light  oil  (*' crude  bummg  oil")  (if)  obtained  by  re-distilling  K  is,  after 
addition  of  fractions  U  V,  if  any,  resulting  from  the  re-distillation  of  the  heavy 
oil,  washed  with  2  per  cent,  of  acid  of  specific  gravity  1*845  (without  any 
application  of  beat  for  the  separation  of  the  **acid  tar"),  and  agitated  with  dilute 
fioda  solution  of  specific  gravity  1020,  in  excess.  Its  volume  and  density  are 
noted  as  the  yield  oi  finished  burning  oil  {P), 

Q.  The  crude  heavy  oil  ((?),  to  which  is  added  the  heavy  fraction  (N")  from  the 
second  distillation  of  the  light  oil,  is  poured  out  into  a  shallow  flat-bottomed 
vessel  and  cooled  very  gradually,  so  as  to  allow  the  paraffin  crystals  to  properly 
develop,  after  which  it  is  further  cooled  down  to  about  -  12**  C.  The  sohd  cake, 
wrapped  in  a  linen  cloth,  of  close  texture,  soaked  in  oil,  is  subjected  to  a  light 
pressure  to  squeeze  out  the  greater  part  of  the  oil,  and  finally  to  an  increased 
pressure  to  remove  the  remainder,  after  which  the  paraffin  scale  {R)  is  taken  out 
of  the  cloth  and  weighed. 

S.  The  *'  blue  oil "  expressed  from  the  paraffin  scale,  is  washed  with  3  per  cent, 
of  strong  acid  and  afterwards  with  an  excess  of  soda  solution  (sp.  gr.  1*33), 
measured,  and  distilled  to  dryness,  the  distillate  being  divided  into  three  fractions 
— viz. ,  burning  oil  ( U),  intermediate  oil  ( V),  and  unfinished  lubricating  oil  ( W), 
the  first  being  mixed  with  M, 

V.  This  intermediate  oil  is  either  mixed  with  O  or,  if  considered  advisable,  is 
refined  by  washing  with  24  per  cent,  of  concentrated  sulphuric  acid,  and  sub- 
sequently with  weak  soda  solution  (sp.  gr.  1*020)  in  excess,  and  estimated  as 
Jinijihed  intermediate  oil.     Its  density  is  about  0*850. 

W.  The  '* unfinished  lubricating  oil"  is  refined  in  the  same  way  by  washing 
with  3  per  cent,  of  acid,  specibc  gravity  1*845,  and  excess  of  soda  solution 
(sp.  gr.  1*020).  The  volume  and  density  are  recorded  as  those  of  finished 
lubricating  oil. 

The  quantities  mentioned  in  all  these  processes  are  volumetric,  and  the  paraffin 
scale  is  recorded  in  the  same  manner  by  calculation  from  the  weight.  At  each 
stage,  the  specific  gravity  and  volume  of  the  products  should  be  recorded. 

This  method  of  examination,  suitably  modified,  may  be  adopted 
with  samples  of  crude  petroleum  or  petroleum  residuum.  Zaloziecki's 
method  of  estimating  the  solid  hydrocarbons  contained  in  petroleum, 
brown-coal  oil  and  other  oils,  may  be  described  as  follows  : — The  more 
volatile  constituents  of  the  petroleum,  &c.,  are  driven  off  by  distillation 
carried  to  a  temperature  of  200**  C,  and  a  weighed  portion  of  the 
residue  is  mixed  with  10  parts  by  weight  of  amyl  alcohol  and  10  parts 
of  75  i)er  cent,  ethyl  alcohol.  The  mixture  is  cooled  for  twelve  hours 
at  0"  C,  and  is  then  filtered  cold  and  washed,  first  with  a  mixture 
of  amyl  and  ethyl  alcohols  and  finally  with  ethyl  alcohol  alone.  The 
separated  solid  paraffin  is  transferred  to  a  small  porcelain  evaporating 
dish  and  dried  at  110*  C.  It  is  then  heated  with  concentrated 
sulphuric  acid,  to  150**  to  160°  C,  for  fifteen  to  thitfty  minutes,  with 
constant  stirring,  and  the  acid  having  been  neutralised,  the  paraffin 
is  extracted  with  petroleum  ether.  After  evaporation  of  the  solvent, 
the  paraffin  is  dried  at  100"  C,  and  weighed.  In  a  paper  dealing 
particularly  with  the  examination  of  brown-coal  tar,  Mr.  R.  Holand  ^ 

^  Chem,  Zeit.f  xvii.  (1893),  1473  and  1483;  Jotirn.  Sac.  Chem.  Ind,,xm (1894),  286. 
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has  giren  the  following  rewumu  of  the  methods  of  esdmating  solid 
hjdrocmrbons  in  oils  : — 

The  paraffin  is  the  most  Tmlnable  oaosdtiieBt  of  this  sofastaace,  and  the  various 
oils  obtained  <m  distilling  it  are  cooled  and  ptf  »<1  most  carefollT,  to  extract  every 
possible  trace  of  sotid  matter.  The  first  pressing  takes  place  at  the  temperatore 
of  spring  water — 3rielding  hard  paraffin,  the  second  and  third  are  condocted  at 
the  ordinary  winter  temperatore,  and  at  an  artificiaUy  lowered  one  respectively — 
yielding  softer  products ;  and  sJl  the  resulTing  press  cakes  and  oils  have  to*  be 
tested  to  determine  their  coinmercial  valoe. 

The  oldest  process  for  this  estimation  is  GrotowskyX  modified  by  Engler  and 
Bdhm,  and  consists  in  diasfdring  the  oil  in  the  smallest  possible  amoont  of  ether 
in  the  o(^  and  precipitating  the  paraffins  by  means  of  absolute  ethvl  alcohoL 
The  preci|Htate  is  filtered  off,  washed,  and  more  alcohol  added  repeatedly  until 
oil  begins  to  be  thrown  oat,  and  the  precipitates  most  be  re-dissolved  and 
precipitated  to  free  them  frxMn  oiL  Experimoits  indicate  that  this  process 
is  not  sufficiently  exact,  the  fy*ffit»«  still  containing  od  and  rice  rvrsd,  besides 
occupying  too  mn^  tiine.  I^wlewski  and  Filemonowiez  working  on  petroleam 
and  ozokerite  prodncts,  piecipitate  the  paraffins  from  their  solntions  by  adding 
ten  to  twenty  times  their  volume  of  facial  acetic  acid,  washing  the  precipitate 
finaDy  with  ethyl  alcohol  of  75*  Tr.  This  process  is  useless  for  mown -coal  tar,  as 
the  softer  fy*ffit»«  are  somewhat  soluble  in  the  liquid.  Zaloziecki  dissolves  the 
oil  to  be  tested,  in  live  times  its  quantity  of  amy!  alcohol  and  precipitates  the 
paraffins  by  the  addition  of  the  same  amount  of  ethyl  alcohol  of  75^  Tr.,  keeping 
the  mixture  for  several  hours  at  a  temperature  not  exceeding  4'  C.  with  occasional 
agitati<Mi,  filtering  off  the  precipitate  through  cold  dry  paper,  and  washing  with 
a  well -cocked  mixture  of  2  parts  of  amyl  alcohol  and  1  of  ethyl  alcohoL  He  then 
dissolves  the  paraffins  in  ether,  evaporates  the  solvent  ami  dries  the  residue  at 
125°  C.  For  oils  containing  little  paraffin,  he  uses  ten  tin.es  the  amonnt  of  the 
alcohol  mixture,  and  allows  it  to  stsnd  ten  to  twelve  hours.  Moditietl  somewhat 
to  suit  the  brown-coal  tar  products,  this  process  has  only  the  disadvanta^'c 
attending  the  use  of  such  a  hi^  temperature  for  drying,  besides  the  uupleasaiit> 
ness  of  the  operation. 

While  ethyl  alcohol  of  not  more  than  9S  per  cent,  strength  only  yields  turbid 
solntions  with  brown-coal  tar  oils,  99*5  to  100  per  cent,  alcohol  dissolves  iht^^e 
oils,  when  fr^ee  from  paraffin,  up  to  the  specific  gravity  0*850  in  all  proportions  ; 
from  0*850  to  0*880  they  require  Gre  times,  and  from  0*880  upwards,  ten  times 
their  weight  of  solvent,  and  all  the  solutions  may  be  cooled  to  the  or«iinary 
laboratory  temperature  without  any  separation  taking  place.  On  the  other  hand, 
paraffin  of  60"*  C.  melting  point,  when  boiled  with  alcohol,  separate^^  out  almost 
completely  when  the  liquid  is  cooled  to  25"'  C,  and  at  0'  C  it  is  aV«5oIutely 
insoluble.  Softer  paraffins  are  more  soluble  as  their  melting  point  falls,  but  even 
that  melting  at  34**  is  absolutely  insoluble  in  alcohol  at  0'. 

A  number  of  experiments  carried  out  on  various  known  mixtures  of  paraffins 
and  paraffin-free  oils,  by  dissolving  20  gnunmes  of  the  substance  in  100  o.c  of 
absolute  ethyl  alcohol,  cooling  the  solution  for  two  hours  in  melting  ice,  and 
filtering  through  a  double  filter,  gave  very  satisfactory  results :  the  extracted 
paraffins  having  within  a  degree  or  two  the  same  melting  point  as  the  ori^nal, 
and  the  oils  on  distillation  furnishing,  up  to  the  very  last,  distillates  which 
remained  liquid  when  allowed  to  fall  on  a  piece  of  ice. 

The  composition  and  properties  of  asphalt  and  asphalt-rock  have 
been  given  in  Section  IIL  (p.  218  «/  seq.).  In  Spon's  £nci/ciop<wdia,  it 
is  stated  that  asphalt  for  varnish  making  should  dissolve  wholly,  or 
with  the  exception  of  4  or  5  per  cent,  of  earthy  matter,  in  carbon 
bisulphide,  chloroform,  oil  of  turpentine,  or  coal-tar  naphtha  of  high 
boiling  point.  It  should  have  a  oonchoidal  fracture  and  brilliant  lustre^ 
and  should  yield  a  light  brown  powder.  An  angular  fragment  should 
not  lose  its  shape,  even  at  the  edges,  in  boiling  water,  and  should  only 
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begin  to  melt  at  150*  C.  When  adulterated  -with  coal-tar  pitch,  the 
asphalt  has  a  less  brilliant  fracture,  and  has  an  adamantine  or  metallic 
lustre  instead  of  the  ordinary  resinous  appearance.  When  fused  at 
the  lowest  possible  temperature,  such  adulterated  asphalt  has  a 
granular  pasty  appearance  and  feeling  and  will  not  draw  out  into 
even  and  transparent  brown  threads,  as  ])iire  asphalt  does. 

W.  H.  Delano  ^  states  that  bitumen  for  mixing  with  asphalt  rock 
should  be  perfectly  black,  "  not  brilliant,"  and  at  70°  F.,  should  have 
the  consistency  of  beeswax.  "The  best  way  to  test  the  quality  is  to 
draw  it  out  in  threads  ;  the  longer  they  stretch  the  better  tlie  sample." 
The  physical  characters  of  bitumen  from  Trinidad  and  Bermudez 
(Venezuela)  at  different  temperatures  have  been  given  as  follows : — 


1 

Trinidad  Bitamen. 

Bermudez  Bitumen. 

At    60'' F., 

»»       '*^    »> 

„   100%, 
„   189%, 

Hard  and  brittle. 

Can  be  slightly  bent. 

Does  not  tiow,  but  is  easily  bent. 

Flowing  point. 

Compressible. 
Viscous  and  malleable. 
Flowing,  and  can  be  drawn  out 

into  hair-like  threads. 
Fluid. 

Durand-Claye  has  proposed  the  following  process  for  distinguishing 
between  natural  asphalt  and  coal-tar  pitch: — 

5  CO.  of  petroleum  spirit  is  added  to  1  gramme  of  the  sunple  nnd 
shaken  up  repeatedly.     Filter,  and  add  sufficient  petroleum  spirit  to 
i)  or  6  drops  of  the  filtrate  to  make  up  5  c.c.     Coal-tar  pitch  produces 
fi  greenish  fluorescence    which  is  seldom  observed   in   specimens  of 
mineral  asphalt,  and  a  similar  fluorescence  is  imparted  by  the  former 
to  its  solution  in  glacial  acetic  acid,  turpentine,  or  chloroform.     After 
shaking  up  with  an  equal   bulk  of  rectified  spirit,   the  mixture  is 
allowed  to  settle,  when  the  petroleum  spirit,  strongly  coloured,  will 
float  on  the  top,  the  lower  layer  of  alcohol  being  golden  yellow  in 
the  case  of  coal-tar  pitch,  whilst,  if  the  sample  consists  of  natural 
as])halt,  it  will   be  either  colourless  or  pale  straw-yellow.     If  much 
volatile  oil  is  present,  the  alcohol  will  be  of  a  rather  darker  yellow 
than   otherwise.     A.  preferable  test,  proposed   by  the  same  author, 
consists  in  digesting  the  sample  in  carbon  bisulphide,  Altering  the 
solution,  evaporating  the  filtrate  to  dryness,  and  heating  the  residue 
until  it  becomes  hard  and  brittle  when  cooled.     To  0*1  granune  of  this 
residue,  in  a  stoppered  tube,  add  5  c.c.   of  fuming  sulphuric  acid, 
agitate,  and  allow  to  stand  for  twenty-four  hours.     Then  add  10  c.c. 
of  water  one  drop  at  a  time,  with  continual  stirring,  and  filter  through 
l)aper.     Natural  bitumen  gives  no  colouration  or  only  a  faint  tinge, 
while  coal-tar  pitch  gives  a  dark  brown  colour.     If  both  are  present, 
the  proportions  can  be  approximately  determined  by  observing  the 
depth  of  the  shade  produced  (viewed  by  transmitted  light). 

C.   Kingzett's  process  for  determining  the  total  amount  of  bitu- 

^  Twenty  Years'  Practical  Experience  0/  Natural  A uphali,  1803. 
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minous  matter  in  asphalt  rock  and  mixtures  in  which  it  is  contained, 
consists  in  extracting  the  air-dried  sample  by  means  of  freshly  pre- 
pared Russian  oil  of  turpentine,  evaporating  the  solution,  and 
weighing  the  residue.  The  insoluble  matter  is  washed  with  ether, 
and  the  siliceous  matter  remaining  after  dissolving  out  the  carbonates 
of  magnesium  and  calcium  with  diluted  hydrochloric  acid,  is  washed 
and  weighed.  H.  P.  Cooper  uses  carbon  bisulphide  as  the  extracting 
agent.  This  solvent  so  completely  removes  the  bitumen  from  Val  de 
Travers  asphalt,  even  when  used  in  the  cold,  that  the  limestone 
residue  is  quite  white.  A  good  way  to  perform  this  test  is  to  exhaust 
20  grammes  of  the  powdered  sample  with  carbon  bisulphide  in  a 
Soxhlet  tube.  If  a  correction  is  made  for  the  water  driven  off  at 
100**  0.,  the  bituminous  matter  is  indicated  by  the  loss  of  weight.  To 
verify  the  estimation,  the  carbon  bisulphide  can  be  distilled  off  and 
the  residue  heated  to  100*  C.  until  the  weight  is  constant.  To 
ascertain  whether  the  sample  is  of  good  quality,  the  bitumen  should 
be  then  heated  to  220"  C.,  the  loss  in  weight  being  volatile  oil 
("petroleum").  This  oil  can  also  be  determined  in  a  better  way  by 
digesting  the  powdered  sample  repeatedly  with  cold  alcohol  until  no 
turbidity  is  produced  in  the  solvent  by  the  addition  of  water,  and 
weighing  the  residue.  The  carbon  bisulphide  should  contain  no  free 
sulphur.  Chloroform  or  benzene  (coal-tar  naphtha)  may  also  be 
employed.  A  dark-coloured  residue,  after  extraction  of  the  bitumen, 
indicates  the  presence  of  useless  organic  matter,  the  amount  of  which 
is  ascertained  by  ignition  of  the  weighed  residue,  re-carbonating  with 
ammonium  carbonate,  le-igniting  gently,  and  weighing.  The  loss 
indicates  non-bituminous  organic  matter.  When  the  residue  is  white, 
the  bitumen  may  be  determined  by  simple  ignition,  re-carbonating 
the  lime,  and  weighing. 

Miss  Lynton^  recommends  the  following  method  of  analysing 
asphalt : — 

'*  Water  is  first  to  be  determined,  if  present,  by  drying  in  a  water-oven  to  a 
constant  weight.  The  finely- powdered  sample,  4  gramme  if  rich  in  bituminous 
matter,  several  grammes  if  rich  in  mineral  constituents,  is  diijested  over  night, 
in  a  4-ounce  Erlenmeyer  flask  with  50  c.c.  of  petroleum  ether.  The  solution  is 
decanted  on  to  a  weighed  filter  contained  in  a  3-inch  funnel  having  a  tap  in  the 
spout.  The  residue  in  the  flask  is  digested  for  two  to  three  hours  with  fresh 
petroleum  ether,  which  is  decanted  as  before,  and  this  process  is  continued  as  long 
as  any  colour  comea  away.  Then  the  insoluble  residue  is  transferred  to  the  filter, 
dried  and  weighed,  any  traces  adhering  to  the  flask  being  estimated  by  weighing 
the  flask.  The  portion  dissolved  by  the  petroleum  ether  is  put  down  as 
'petrolene.'  The  flask  is  rinsed  with  boiling  turpentine,  which  is  poured  on 
tne  filter  (replaced  in  the  funnel),  and  enough  boiling  turpentine  is  poured  on  tiie 
filter  to  wholly  submerge  it,  left  to  digest  for  several  hours  or  over  night,  and 
then  allowed  to  filter  through.  The  digestion  with  boiling  turpentine  and 
filtering  is  continued  as  long  as  any  colour  comes  away,  and  then  the  process  is 
repeated  with  chloroform ;  after  which  the  filter  is  agam  dried  and  weighed,  and 
the  loss  is  entered  as  'asphaltene.'  The  filter  is  now  burned  with  the  contents, 
the  ash  is  treated  with  ammonium  carbonate  to  restore  CO.^  to  any  lime  which 
may  have  been  formed,  and  the  loss  of  weight  is  put  down  as  *  other  organic 
matter, '.the  remainder  being  'mineral  matter.'  " 

^  Jcum,  Amer,  Chem.  Soc,,  xvi,  H09-822. 
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SECTION    X. 

THE    USES   OF    PETROLEUM   AND   ITS   PRODUCTS. 

Gteneral  Review. — In  the  first  section  of  this  work,  it  has  been 
mentioned  that  petroleum  and  natural  gas  have  been  employed  in  a 
primitive  manner  as  sources  of  light  and  heat  from  the  earliest  times, 
and  that  the  use  of  the  crude  oil  for  the  treatment  of  wounds  and 
cutaneous  affections,  while  of  equal  antiquity,  has  been  even  more 
general.  The  latter  application  may  indeed  be  said  to  have  been 
at  one  time  universal,  for  it  appears  from  the  accounts  given  by 
historians  that  as  a  remedial  agent,  petroleum  was  carried  to  distant 
countries  from  the  localities  where  it  was  found,  and  was  thus  a  not 
unimportant  article  of  commerce. 

For  2>1^rmacexUical  purposes^  crude  petroleum  is  no  longer  in  general 
use  by  civilised  races,  but  as  is  well  known,  the  product  vaseline  is 
very  largely  employed,  both  alone  and  as  a  vehicle  for  the  external 
application  of  medicinal  agents,  especially  when  local  action,  rather 
than  absorption,  is  desired.  The  physical  and  chemical  characters 
of  vaseline,  which  have  been  described  in  a  previous  section,  indicate 
the  superiority  of  this  product  over  an  animal  fat  for  such  purposes. 

Vaseline  forms  a  good  protective  coating  for  the  surface  of  oxidisable 
metal,  and  as  such  is  used  to  a  very  considerable  extent. 

The  volatile  product  of  petroleum  termed  rhigolene,  has  been  found 
to  be  a  valuable  ancestJietic,  particularly  for  local  application  to  produce 
cold. 

The  paraffin  candle  has  so  completely  superseded  the  old  tallow 
'*  dip,''  and  the  beautiful  translucent  candles  of  white  paraffin  manu- 
factured in  many  artistic  forms  by  Price's  Patent  Candle  Company, 
J.  C.  <k  J.  Field,  and  others,  are  so  commonly  employed,  that  it  is 
unnecessary  to  point  out  how  important  the  solid  hydrocarbons  con- 
tained in  petroleum  and  shale  oil  have  become  to  the  candlemaker. 
Paraffin  of  low  fusing  point  is  also  burned  in  specially  constructed 
lamps. 

As  illuminating  agents,  the  liquid  products  of  petroleum  are  used 
under  various  conditions.  The  most  important  of  these  products, 
commercially,  is  kerosene,  but  both  the  more  volatile  and  the  less 
volatile  are  also  largely  employed  in  suitable  lamps.  Petroleum 
products  and  crude  petroleum  constitute  an  important  source  of  light 
in  their  employment  for  (1)  the  production  of  **air  gas  "  or  carhuretted 
air,  (2)  the  manufacture  of  oil  gas  and  carhuretted  water  gas,  and  (3) 
the  enriching  of  coal  gas.  For  the  first  of  these  purposes,  gasoline 
is  needed  ;  for  the  second,  crude  petroleum,  various  petroleum  products, 
and  shale  oil  are  available— the  liquid  hydrocarbons  being  converted 
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into  permanent  gtLS  of  high  illaminatins:  power :  while  for  the  third, 
either  oil  gas  or  the  vapour  of  the  sojficientlj  volatile  hjdrocarbons 
is  required. 

The  j^roleum  story^  employed  in  this  co:iniry  for  heating  and 
cooking,  are  practicallv  lamps  of  suitable  construction,  in  which 
mineral  oil  is  burned,  but  in  the  United  Stat€^  the  domestic  use  of 
gasoline  as  fuel  is  common. 

In  Russia,  petroleum  residuum  (oMiaikt)  has  to  a  great  extent 
replaced  solid  juel  on  steamships,  in  locomotives,  and  in  stationarv 
boilers,  as  well  as  for  various  industrial  operations.  In  the  United 
States,  tiaiural  g<u  and  crude  petrcUum — especiallv  that  of  Ohio — are 
largely  employed  as  fuel. 

Petroleum  products  also  constitute  an  impor:ant  $ource  of  power  in 
connection  with  motors  of  the  gas-engine  type,  and  the  vapour  of 
petroleum  spirit  is  in  one  form  of  motor,  employed  similarly  to  steam. 

The  very  general  and  increasing  substitution  of  mineral  oils  for  tixed 
oils  and  greases  in  the  lubrication,  of  machinery  and  the  rolling  stock 
of  railways,  indicates  the  importance  of  this  application  of  petroleum 
products.  For  some  purposes,  preference  is  still  j:iven  lu  "'compound 
oils,*'  which  are  mixtures  of  mineral  and  lixtrd  oils,  but  for  the 
lubrication  of  steam  engine  cylinders,  a  pure  hydrocarbon  oil  should 
always  be  used,  as  in  the  presence  of  high-pressure  steam,  £xed  oils 
are  decomposed,  with  the  production  of  free  fatty  acids  and  subsequent 
formation  of  metallic  soa]^. 

The  employment  of  petroleum  products  in  obtaining  light,  heat,  and 
motive  power  will  be  discussed  in  some  detail  in  the  following  pages, 
but  in  order  to  complete  this  general  review  of  the  subject,  reference 
4should  first  be  made  to  some  of  the  less  imjiortaut  applications  of 
certain  products. 

Paraffin  is  used  in  the  manufacture  of  wooden  matches,  tlie  combusti- 
bility of  the  wood  being  increased  by  saturatiiii:  it  with  the  melted 
material,  and  it  has  been  applied  as  a  thin  coating  to  the  heads  of  matches 
to  render  them  waterproof.  Dr.  Stenhouse  has  patented  the  application 
of  paradin  to  woollen  fabrics,  to  impart  additional  strength  aud  render 
them  waterproof.  It  has  been  used  for  lining  beer  barrels,  and  is 
employed  for  jrlazing  frescoes  and  paper,  for  5i;iturating  gypsum  and 
fluorspar  before  turning  them  in  the  lathe  or  otherwise  shaping  them 
into  ornaments,  and  in  starching  linen,  to  produce  a  gloss.  Of  recent 
years,  paraffin,  as  well  as  mineral  oil,  has  been  used  in  laundry 
work,  as  an  auxiliary  to  soap,  on  account  of  its  detergent  action. 
Paraffin  is  also  employed  as  a  preservative  for  stone  and  wood,  and 
it  forms  a  good  protective  coating  for  the  labeLs  and  stoppers  of 
bottles  used  for  corrosive  liquids.  It  is  used  in  preserving  eggs,  and 
may  be  similarly  applied  as  a  preservative  coating  to  meat,  fruit,  and 
flowers.  Refined  ozokerite  is  employed  by  French  perfumers  as  a 
substitute  for  lard  in  the  process  known  as  *' enfleurage/'  the  almost 
entire  solubility  of  the  hydrocarbon  in  alcohol,  and  its  non-liability 
to  become  rancid,  giving  it  a  great  advantage  over  the  animal  fat. 
Paraffin  form^  an  excellent  electric  insulator,  and  Mr.  Joly  tiuds  that 
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a  good  photometer  disc-substitute  may  be  made  by  placing  a  sheet  of 
tinfoil  between  two  suitably-shaped  blocks  of  paraffin.  The  author 
has  made  use  of  this  device,  and  can  express  a  favourable  opinion 
of  it. 

The  possibility  of  obtaining  from  petroleum,  anthracene,  certain 
sulphonated  compounds  of  considerable  tinctorial  power,  and  other 
substances  available  for  use  in  the  preparation  of  dyestuffs,  has  been 
demonstrated,  though  the  processes  have  not  been  carried  out  com- 
mercially. 

Many  attempts  have  been  made  to  introduce  petroleum  in  a 
"solidified'*  form  for  use  as  fuel,  but  although  the  results  yielded  by 
some  of  the  processes  of  manufacture  have  been  of  a  promising  char- 
acter, the  "  briquettes  "  burning  without  fusion,  this  application  of 
petroleum  has  not  yet  become  of  commercial  importance.  Consider- 
able success,  has  however,  attended  the  efforts  of  inventors  to  devise 
processes  for  the  manufacture  of  soaps  and  lubricating  greases  contain- 
ing a  very  large  proportion  of  liquid  hydrocarbons.  Resin  soap  is 
found  to  be  remarkably  effective  in  the  "  solidification  "  of  petroleum, 
and  a  decoction  of  the  bark  of  Quillaia  saponaria  may  be  employed  for 
the  same  purpose. 

A  substitute  for  oil  of  turpentine  for  mixing  with  varnishes  and 
paints,  is  obtained  from  petroleum  spirit  by  fractionation,  and  it  has 
been  found  that  other,  less  volatile,  products  of  petroleum  can  also  be 
used  successfully  in  the  preparation  of  paints.  Petroleum  distillates 
are  sold  under  the  names  of  "Patent  Turpentine,"^  " Turpenteen," 
and  "English  Tui-pentine,"  for  use  in  mixing  paints.  Samples  of 
these  products,  examined  by  the  author,  were  found  to  resemble  oil  of 
turpentine  in  boiling  point,  and  to  have  flashing  points  above  73**  F. 
(Abel  test). 

Certain  descriptions  of  solid  bitumen,  occurring  in  Kansas  and 
elsewhere  in  the  United  States,  dissolve  completely  in  a  suitable 
solvent,  and  the  varnish  thus  formed,  when  applied  to  wood  or  metal, 
gives  a  hard,  and  yet  sufficiently  elastic,  protective  coating  with  a 
brilliant  surface. 

Petroleum  spirit  is  largely  used  in  the  process  of  " dry  cleaning" 
and  in  the  extraction  of  grease  from  leather.  It  is  also  employed  by 
floor-cloth  manufacturers,  and  as  a  solvent  in  other  industries. 

A  process  for  the  purification  of  alcohol  by  means  of  hydrocarbons, 
is  described  by  Dr.  Squire  in  a  paper  read  before  the  Society  of  Chem- 
ical Industry.*^  It  is  well  known  that  oils  and  fats  possess  the  pro- 
perty of  absorbing  the  more  or  less  volatile  bodies  which  we  know  as 
odours,  and  this  property  has  been  taken  advantage  of  in  the  present 
process.  Parsons,  of  New  York,  in  1869,  took  out  a  patent  for  the 
purification  of  alcohol^ — 90  per  ce:it.  at  least — with  paraffin,  the  mix- 
ture being  heated  by  means  of  a  steam  coil  with  continual  a2:itation. 
He  then  introduced  warm  water,  so  as  to  bring  the  mixture  down  to 
about  50  per  cent,  of  alcohol,  and  allowed  the  whole  to  cool,  with 
continued  agitation.  The  paraffin,  which  separated  in  flakes,  was  then 
'  Patent  No.  12,249,  1885.         '  Journ.  Soc.  Chem,  Ind.,  viii.  (1889),  441. 
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filtered  off  firom  the  purified  spirit.  In  1884,  the  subject  was  taken 
up  bj  a  Danish  diemist  named  Bang,  who  became  associated  with 
IL  Ruffin,  of  Paris.  He  pointed  out  that  the  fosel  oil  could  be  more 
effectively  separated  if  dilute  spirit  were  employed,  and  proposed  the 
use  of  a  volatile  liquid  product  of  petroleum  as  the  purifying  agent. 
Ultimately,  however,  a  petroleum  {mduct  of  higher  boiling  point  was 
found  preferable.  The  details  of  the  apparatus  employed  in  carrying 
out  the  process  on  a  commercial  scale,  and  of  a  modified  form  devised 
in  1887  by  Bo  wick,  are  given  in  the  paper  above  referred  to.  The 
process  was  investigated  in  1889  by  Messrs.  Newlands  Brothers, 
to  whom  the  author  is  indebted  for  the  information  that  ordinary 
petroleum  having  a  boiling  point  of  140*  C.  was  used,  and  that  the 
quality  of  the  crude  spirit  (manufiEu^tured  from  molasses)  was  found  to 
be  very  much  improved  by  the  treatment. 

A  method  employed  by  Neff  for  producing  lampblack  from  natural 
gas  is  described  in  Dingier' s  polgUcJiniscJus  Journal,  1879,  ccxxxi., 
177.  The  product  is  obtained  by  the  imperfect  combustion  of  the  gas 
in  specially  constructed  burners,  no  less  than  16  per  cent,  of  the  gas 
being  converted  into  lampblack.  The  product  contains  about  95  per 
cent,  of  carbon,  and  is  said  to  be  well  adapted  for  the  manufacture  of 
fine  printers'  and  lithographic  ink« 

MINERAIi   OHi  IiAMPS. 

The  various  forms  of  lamps  in  which  mineral  oils  are  burned, 
generally  resemble  those  previously  in  use  i»dth  fixed  oils,  but  certain 
modifications  have  been  renderc^i  necessary  by  the  comparative 
volatility  and  inflammability  of  mineral  oils,  and  the  high  per- 
centage of  carbon  which  they  contain.  Thus,  it  is  necessary  to 
guard  against  any  considerable  heating  of  the  bulk  of  the  oil, 
and  especially  against  the  ignition  of  any  inflammable  or  explosive 
mixture  of  petroleum  vapour  and  air  which  may  be  formed  in  the  upper 
part  of  the  lamp  reservoir,  whilst  at  the  same  time,  the  illumiuant 
must  be  continuously  supplied  in  proper  quantities  to  the  flame,  and 
the  air  admitted  in  such  a  manner  as  to  produce  a  smokeless  and 
odourless  flame  of  high  illuminating  power.  Special  appliances  are 
also  usually  provided  to  facilitate  the  lighting  and  extinguishing  of 
the  lamp,  and  in  some  cases,  the  lamp  is  fitted  with  an  automatic 
extinguisher,  which  is  brought  into  action  in  the  event  of  the  lamp 
being  overturned. 

In  this  country,  the  lamps  first  used  with  shale  oil  were  those  which 
had  been  constructed  for  burning  "camphine"  (rectified  oil  of  turpen- 
tine). The  best  of  the  camphine  lamps  is  said  to  have  been  Roberts' 
"Gem"  lamp, which  was  on  the  Argand  principle,  and  was  fitted  with  the 
disc  air-deflector  known  as  the  "  Liverpool  button."  Mineral  oil  lamps 
were  originally  introduced  into  the  United  States  from  Vienna,  but  in 
1859,  as  many  as  forty  patents  were  granted  in  America  for  petroleum 
lamps  and  burners,  aud  appliances  in  connection  therewith.  In  1852 
or  1853,  Stobwasser  of  Berlin  introduced  an  Argand  burner  for  use 
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with  coal  oil,  and  a  flat^irick  burner  for  the  oil  obtained  from  lignite. 
The  latter  form  of  bumer  was  adopted  by  Young's  Paraffin  Light  and 
Mineral  Oil  Company  for  burning  shale  oil. 

In  18G5,  J.  and  J.  Hinks  obtained  a  patent  for  their  "Duplex 
burner,"  shown  in  Figs.  264  to  266,  and  in  a  slightly  modified  form, 
representing  the  most  recent  construction,  in  Fig.  267.  In  the  patent 
specification,  the  wick-holdera  are  described  as  being  of  flat,  semi- 
cylindrical,  elliptical  or  other  shape.  The  burner  is  now  fitted  with 
an  arrangement  for  raising  the  chimney  gallery  to  facilitate  lighting; 
The  lifting  is  effected    by  turning  a  key.   A,   which   acta  through 


KH£ 


Fig.  284. 


links,  a,  steadiness  being  eecnred  by  means  of  two  guide-rods,  B.  The 
burner  is  provided  with  an  automatic  extingnisber  consisting  of  two 
plates,  d  e,  which  slide  on  the  wick-holders,  C,  and  are  brought 
together  by  a  spring,  E,  acting  through  a  forked  lever,  D,  when  a 
catch,  h,  is  released.  The  automatic  arrangement  comprises  a  weight, 
F,  hanging  in  a  ring,  g,  on  a  lever  carrying  the  catch,  /i,  and  is  set  for 
use,  by  depressing  the  lever  until  the  catch  is  engaged.  In  case  the 
lamp  becomes  overturned  or  much  tilted,  the  alteration  produced  in 
the  relative  positions  of  the  weight  and  the  ring,  g,  releases  the  catch, 
and  the  plates,  d  e,  extinguish  the  light.     Extinction  may  also  be 
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effected  by  presaing  upon  the  outer  end  of  the  lever,  D  (Figs.  26i  and 
265),  or  in  the  arrangement  shawn  in  Fig.  267,  by  moving  the  weight. 
The  burner  is  secured  by  a  bayonet  catch,  K,  and  a  ring  of  cork,  J,  is 
interposed  between  it  and  the  reservoir  to  minimise  conduction  of 
heat.  The  "safety  cage,"  L,  surrounding  the  wick,  is  referred  to 
on  p.  677. 


Fig.  2(W. 

In  tlic  "Anucapnic"  burner,  patented  in  1866  by  T.  Rowatt 
(No.  20o),  two  distinct  air-currents  are  directed  npon  the  flame 
without  tlie  aid  of  the  ordinary  chimney,  by  means  of  two  cones  or 
deflectors,  df  (Fig  268),  the  outer  of  which  resta  on  the  perforated 
flange  of  tlie  inner.  Air  is  supplied  to  the  inner  cone  through 
apertures,  e,  in  its  support,  b.  Fig.  269  shows  Kowatt'a  "Lome" 
burner  (also  used  without  a  chimney)  in  which  the  wick  tubes  are 
so  inclined  that  the  flames  coalesce,  the  wicks  being  in  contact  below 
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the  bnmer.    This  arrangemeat  la  said  to  result 
And  eahanced  t^pillary  attractiou  in  the  wicka. 


669 
n  increased  luminosity 


Fig.  272. 

The  "  Dnfriea  "  Urap  (Fig.  270),  patented  by  Sepulchre  (No.  5,428, 

1881),  has  a   tubular  wick   passing   between   two  cuncentric  tubes, 

the  outer  of  which  is  attached  to  the  removable  burner,  and  extends 

nearly  to  the  bottom  of  the   oil   container,  while  the  inner  passes 
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through  the  bottom  of  the  oil  container,  and  conveys  air,  through  the 
burner,  to  the  inner  surface  of  the  Argand  dame.  The  outer  tube 
serves  to  prevent  outflow  of  oil  in  case  tlie  lamp  is  overturned.  The 
burner  is  provided  with  an  elongated  air-dilTuspr,  A,  fittin:;  into  the 
inner  air  tube.  The  wick -adjusting  mechanism  is  contained  in  a 
chamber  screwing  tightly  into  a  concave  receptacle,  D. 

In  the  "Lampe  Belgei,"  there  is  also  a  central  air  tube  passing 
through  the  oil  reservoir,  and  an  improved  arrangement  for  raising 
and  lowering  the  wick  is  provided. 

Fig.  271  represents  the  "Mitrailleuse"  burner,  patented  by  Rettich. 
In  has  n  number  of  solid  cylindrical  wicks  arranged  in  a  circle  so  that 
they  may  be  adjusted  simultane- 
ously by  one  winder,  mid  cannot 
be  turned  down  so  far  us  to  drop 
int*)  the  reservoir.  A  double-disc 
air-difiuser  is  employed,  and  an 
arrangement  for  raising  the  chim- 
ney K^llery  to  facilitate  lighting 
is  provided. 

The  "  Lampe  Veritas  "  is  fitted 
wiih  the  air-diffuser  and  wick- 
raising  mechanism  illustiated  in 
Fig.  272. 

In  the  "Rochester"  lamp.  Fig. 
273,^  air  is  supplied  to  the  intiei" 


Rg.  273. 

aur&ce  of  the  Argand  flame  through  a  perforated  tubular  cap  fitted 
outside  the  top  of  the  air  tube.  The  wick  is  attached  to  ii  tubulnr 
holder  and  is  adjusted  by  means  of  a  rod,  as  shown  in  the  fij,'ure. 

In  the  Wanzer  lamp,  which  is  used  without  a  chimney,  the  necessary 
current  of  air  is  furnished  by  a  small  &n  driven  by  clock  work. 

Fig.  274  represents  a  lamp,  patented  by  Aria,^  in.  which  the  oil  is 
•  United  StatM  Patent,  Ko.  348,969,  1886.  *  No.  15,768,  18SS. 
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supplied  from  an  upper  reservoir  as  in  aa  ordinary  reading  or  milway 
roof  lamp,  or  from  a  lower  reservoir  bjr  a  pump  or  piston  as  in  the 
Carcel  or  Moderator  lamp.  A  flange,  a,  in  the  reservoir,  A,  prevents 
overflow  from  the  shaking  of  the  lamp.  A  skeleton  frame,  B,  supports 
the  burner  above  the  reaervoir,  and  a  tube,  C,  supplies  air  to  the 
centre  of  the  Argand  flame. 

A  flat-wick  burner,  patented  by  Aria,'  has  a  perforated  annnluB 
instead  of  the  skeleton  frame,  and  the  air  supply  is  delivered  through 
two  semi-cylindrical  tubes,  the  lower  ends  of  which  are  covered  by  & 
cap  with  a  slot  which  may  be  more  or  less  closed  to  regulate  the 
admission  of  air  to  the  tubes. 

In  the  "  Sunlight"  lamp  (Figs.  275  and  27S)  of  Rosa  and  Atkins,^ 
the  principle  of  the  inverted  Argand  burner  so  largely  employed  in 
the  case  of  gas  lamps,  is 
adopted.  The  wick  usually 
consists  of  an  annulus  of  solid 
cylindrical  wick  supplied  with 
oil  by  tbree  flat  wicks,  or  by 
a  number  of  separate  round 
wicfcn  dipping  into  an  annular 
reservoir  fitted  with  a  re- 
flector as  shown.  Sometimes 
the  wicks  themselves  con- 
stitute the  burner.  They  are 
then  so  arranged  that  their 
ends  form  a  circle.  The  air 
supplied  to  the  burner  is 
heated  by  passim;  over  the 
surface  of  a  porcelain  cylin- 
der, and  is  directed  on  to  the 
flame  by  a  cone. 

Although  in  England  and 
America,  flat-wick  burners 
have  been  far  more  lai^ly 
used  than  the  Argand  form 
until  within  the  last  few 
years,  Hat  wicks  are  rarely 
employed  on  the  European 
continent. 

In     Germany,     the     most 
commonly  used  burner  is  the 
type.     It  lias  neither  the  inner 


Fig.  275. 


I  of  the   Argand 


Cosmos,"  which  ii 
r  tube  passing  thrc 
Liverpool "  button,  and  accordingly  it  is  necessary  to  U8& 
with  it  a  chimney  which  is  much  constricted  near  the  base.  The 
Argand  burners  introduced  by  C.  H.  Stobwasser  ifc  Co.,  Wild  and 
Wessel,  and  Schuster  and  Baer,  under  the  names  "  Victoria," 
"  Phffinix,"  "  Moon,"  and  "  Helios,"  ere  provided  with  disc  air- 
deflectors.  In  the  lamps  manufactured  by  Kumberg  for  burning 
■  No.  8,995,  1S90.  "  Patent  No.  2,019,  1SS9. 
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the  air  current,  and  the  oil  being  at  the  same  time  warmed.  An 
ordinary  flat-wick  burner  is  used,  and  the  reservoir  is  enclosed  in  a 
conical  metal  vessel.  It  is  stated  that,  owing  to  the  protection  from 
air  draughts  afforded  by  its  shape,  the  lamp  bums  with  a  very  steady 
flame,  and  is  only  slightly  a£fected  even  by  rapid  movement.  An  im- 
provement has  been  effected  in  this  lamp  by  the  addition  of  two  fixed 
auxiliary  wicks,  one  on  either  side  of  the  principal  wick.  These 
are  of  unequal  height,  one  of  them  only  reaching  as  high  as  the 
burner,  while  the  other  extends  to  within  a  small  distance  from  the 
flame  and  is  protected  from  contact  with  it,  by  a  metal  cap.^ 

A  mineral  oil  lamp  has  recently  been  patented  by  Schuelke,  in^  which 
ordinary  kerosene  is  burned  in  the  form  of  vapour.  The  oil  passes 
from  the  reservoir  at  the  top  of  the  lamp  through  a  coil  of  brass  tubing 
of  small  diameter,  and  is  delivered  into  the  vaporising  chamber. 
Thence  the  vapour  escapes  downwards  through  a  number  of  burner- 
tubes  arranged  concentrically  so  that  an  inverted  Argand  flame  is 
produced.  The  vaporisation  is  commenced  by  burning  a  small 
quantity  of  methylated  spirit  in  a  cup  beneath  the  burner,  and  is 
continued  by  the  heat  emitted  in  the  combustion  of  the  oil.  The 
lamp  is  of  the  "  suspension  "  type,  and  is  intended  for  the  lighting  of 
large  spaces. 

Lamps  in  which  a  non-luminous  flame  is  produced  by  burning 
kerosene  vaporised  by  passage  through  a  heated  tube,  are  also 
employed  for  heating  purposes. 

The  principle  of  the  incandescence  gas  burner  has  recently  been 
applied  by  E.  Spiel,  of  Berlin,  in  the  construction  of  a  mineral  oil 
lamp  in  which  a  Welsbach  mantle  is  heated  by  a  non-luminous  flame, 
produced  by  the  combustion  of  the  vapour  of  ordinary  kerosene. 
Experiments  made  in  the  author's  laboratory,  indicate  that  more  than 
double  the  amount  of  light  usually  yielded  by  a  given  quantity  of 
mineral  oil,  may  thus  be  obtained. 

lUuminating  Power  and  Oil  Consuinption. — ^The  actual  light- 
ing efficiency  of  a  mineral  oil  lamp  depends,  of  course,  principally 
upon  the  quantity  of  oil  burned  in  a  given  time,  or,  in  other  words, 
upon  the  size  of  the  burner,  but  Argand  burners  almost  invariably 
give  more  light  in  proportion  to  the  oil  burned,  than  duplex  or  single 
flat-wick  burners.  An  extended  series  of  experiments  made  in  1879 
by  the  author  and  his  brother,  Mr.  T.  Home  Kedwood,  indicated  that 
with  the  principal  lamps  then  in  use,  the  oil  consumption  was  from  45 
to  65  grains  per  candle  light  per  hour,  whilst,  in  a  more  recent  series 
of  tests,  carried  out  with  the  assistance  of  Mr.  Robert  Redwood,  with 
the  ordinary  forms  of  tubular  and  flat-wick  burners,  the  consumption 
was  found  to  range  from  41  to  over  70  grains. 

The  considerable  diminution  in  the  light  a£forded,  which  is  some- 
times experienced  in  the  use  of  mineral  oil  lamps,  may  be  due  to  the 
imperfect  construction,  or  defective  or  dirty  condition  of  the  burner ; 
to  the  use  of  a  reservoir  of  insufficient  diameter,  resulting  in  a  depres- 
sion of  the  oil  level  which  soon  overtaxes  the  capillary  power  of  the 

^  DmgUr'M  polyttch.  Joum,,  1890,  oolzxv.,  568. 
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wick  ;  to  the  employment  of  an  inferior  wick ;  or  to  the  nnsatis&ctory 
quality  of  the  oil. 

The  relative  illuminating  powers  of  various  descriptions  of  mineral 
oil  are  largely  dependent  upon  the  conditions  under  which  the  oila 
are  burned.  The  lamps  commonly  in  use  were  designed  for  burning 
American  kerosene  and  Scottish  paraffin  oil,  and  do  not  give  equally- 
good  results  with  Russian  kerosene.  Burners  and  chimneys  have 
been  made  in  Germany  with  special  reference  to  the  requirements  of 
Russian  oil,  but  have  not  been  generally  adopted. 

The  character  of  the  wick,  the  dimensions  of  the  chimney,  and  the 
size  and  shape  of  the  oil  reservoir,  are  factors  of  only  slightly  less 
importance  than  the  form  of  the  burner.  The  temperature  at  which 
the  oil  is  supplied  to  the  wick,  also  affects  the  result.  Even  when 
every  effort  is  made  to  establish  uniform  conditions  for  testing  pur- 
poses, a  number  of  burners  of  similar  description  will  often  be  found 
to  exhibit  differences  with  the  same  oil. 

No  burner  has  been  selected  by  common  consent  for  use  in  making 
comparative  tests  of  mineral  oils,  nor  have  any  other  testing  con- 
ditions been  agreed  upon.  Comparisons  of  the  various  mineral  oils 
of  commerce  have  been  made  from  time  to  time,  and  some  of  the 
results  obtained  have  been  published,  but  from  what  has  been  already 
stated,  it  will  be  evident  that  such  results  must  be  of  very  limited  value, 
and  may  even  be  misleading,  for  it  is  extremely  difficult,  if  not  impos- 
sible, to  reproduce  the  average  conditions  under  which  mineral  oils 
are  used  by  the  various  classes  of  the  community. 

It  will  be  obvious  that  similar  difficulties  stand  in  the  way  of  insti- 
tuting any  precise  comparison  between  the  cost  of  mineral  oils  and  of 
other  illuminating  agents;  nevertheless,  certain  general  conclusions 
may  be  arrived  at. 

According  to  the  experience  of  the  author  and  his  brother,  the 
average  consumption  of  oil  per  candle  light  per  hour,  in  the  case  of 
duplex  burners  with  an  illuminating  power  of  about  28  standard 
candles,  is  about  50  grains,  and  in  the  case  of  Argand  burners,  with 
an  illuminating  power  of  about  38  candles,  is  about  45  grains,  though 
with  some  lamps  of  both  types,  the  oil  consumption,  in  relation  to 
the  light  afforded,  is  smaller  than  the  respective  quantities  given.  On 
the  basis  of  a  consumption  of  50  grains,  a  gallon  of  oil,  of  0*800  specific 
gravity,  would  give  1,120  candle-hours,  and  assuming  that  the  lamp 
was  giving  the  light  of  28  candles,  would  last  for  40  hours.  Similarly, 
on  the  basis  of  a  consumption  of  45  grains,  a  gallon  of  such  oil  would 
give  1,244  candle-hours,  and  if  the  lamp  were  giving  the  light  of 
38  candles,  would  last  for  32f  hours. 

The  effective  illuminating  power  of  coal  gas  as  used  in  dwelling- 
houses  must  of  necessity  be  largely  a  matter  of  conjecture.  The 
author  has  had  the  advantage  of  discussing  the  question  with  Mr. 
Lewis  T.  Wright,  who  is  of  opinion  that  the  light  obtained  from  gas 
in  England  is  on  an  average  14  candles  for  a  consumption  of  5  cubic 
feet  per  hour,  large  districts  being  supplied  with  18-  or  19-candle  gas. 
On  this  basis,  which  is  equal  to  a  consumption  of  0*357  cubic  foot  per 
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candle  light  per  hour,  1,000  cuhic  feet  of  gaa  gives  2,801  candle-hours. 
In  London,  where  the  standard  of  illuminating  power  is  lower,  the 
results  would  be  some- 
what less  favourable. 

If,  therefore,  the  con- 
sumption of  oil  per  candle 
light  per  hour  is  taken 
at  50  grains,  and  the 
consumption  of  gas  per 
candle  light  per  hour  at 
0*357  cubic  foot,  it  is 
evident  that  the  present 
retail  price  of  oil  of  8d. 
per  gallon  is  equal  to  a 
price  of  Is.  8d.  per  1,000 
cubic  feet  of  gas.  Simi- 
larly, if  the  comparison 
is  made  on  the  basis  of 
an  oil  consumption  of  45 
grains  per  candle  light 
per  hour,  the  gas  must 
be  sold  at  Is.  6d.  per 
1,000  feet  to  be  as  cheap 
as  the  oil. 

Gas  may,  of  course, 
be  burned  under  more 
economical  conditions, 
but  so  may  oil,  the  in- 
verted type  of  Argand  oil- 
burner  consuming  con- 
siderably less  oil  per 
candle  light  per  hour, 
and  the  incandescence 
oil-burner  less  than  half 
the  quantity  given  above. 

Lamp  Globes.  —  In 
the  diffusion  globes  of 
Blondel  and  Psaroudaki, 
the  principle  of  the 
Fresnel  lighthouse-lenses 
is  applied.  These  globes 
are  made  of  transparent 
glass,  finely  grooved  on 
scientific  principles,  and 
their  effect  is  to  diffuse 
the  light,  with  very  little 
loss  by  absorption.  The 
increase  in  illuminating 
power,  in  the  field  below  Kg.  277^ 
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«  horizontal  liae  passing  tbrongh  the  flame,  is  stated  to  be  12  par  cent., 
and  the  loss  by  absorption,  from  9  per  cent,  to  13  per  cent.  This  loaa 
is  only  about  the  same  as  occurs  in  the  use  of  plain  transparent  glass, 
while  ground  glass  or  opal  globes  absorb  from  35  per  cent,  to  70 
per  cent. 

ExtingnlBlierB. — It  has  been  already  pointed  out  that  some  form 
of  extingniaher  is  usually  fitted  to  mineral  oil  lamps,  and  that  of 


Fig.  278.  Fig.  270. 

Hinka  has  been  described.  The  earliest  form  appears  to  have  been 
that  with  which  the  "Brighton"  burner,  patented  in  1862,  was  pro- 
vided. In  this  burner,  the  urJeflector  or  "Liverpool"  button  rested 
apon  a  pin,  the  withdrawal  of  which  allowed  the  button  to  fall  upon 
the  wick  and  extinguish  the  flame. 

In  Sherring'a  "Victoria"  lamp  (Figs.  277  to  279}  the  burner  ia 
furnished  with  two  caps,  C  D,  pivoted  at  E,  which  automatically  close 


Fig.  280. 


over  the  wick-tube,  A,  and  wick,  B,  when  the  lamp  ia  overturned. 
The  upper  part  of  the  brass  oil  container  is  jacketed,  an  air-chamber,  G 
{Fig.  277),  being  thus  formed.  A  portion  of  the  air  supply  enters  at  H, 
and  in  passing  through  the  chamber  ia  warmed,  while  the  upper  part 
of  th»container  is  at  the  same  time  cooled.  The  burner  screws  tightly 
At  F  into  a  cylinder  or  tube,  J,  which  serves  to  prevent  the  outflow  of 
the  greater  part  of  the  oil  ia  the  event  of  the  lamp  being  overturned. 
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Postlethwaite's  automatic  extinguisher  (Fig.  280)  consists  of  two 
spnng  shutters  which  meet  over  the  wick.  The  burner  dome  is 
made  in  two  parts,  the  upper  being  sufficiently  weighty  to  hold  the 
shutters  open.  When  this  portion  is  displaced  by  the  overturning  of 
the  lamp,  the  shutters  are  allowed  to  close.  A  lever  for  closing  them 
at  will  is  also  provided. 

In  Devoirs  "  Water  safety-lamp  "  the  oil  reservoir  is  surrounded  by 
a  water  jacket,  from  which  the  water  runs  into  a  cap  encircling  the 
air-holes  of  the  burner,  wbfin  the  lamp  is  overturned,  the  flame  being 
thus  extinguished. 

Oil  Supply. — To  provide  a  large  supply  of  oil  for  a  lamp,  Hampton 
&  Sons  have  introduced  the  "  Perpetual "  lamp,  the  base  of  which  con- 
tains, in  a  large  reservoir,  a  week's  or  a  month's  supply.  The  lamp 
proper  is  supplied  when  necessary,  from  this  reservoir,  by  a  concealed 
force  pump.  Joseph  Hinks  &  Son  have  introduced  a  somewhat  similar 
arrangement,  the  base  of  a  pedestal  lamp  forming  the  storage  reservoir 
from  which  the  oil  is  raised  to  a  small  oil-chamber  beneath  the  burner,, 
by  the  intermittent  action  of  a  piece  of  mechanism  driven  by  a  spring. 

Safety  Appliances. — To  prevent  the  communication  of  flame  to  an 
inflammable  or  explosive  mixture  in  the  oil  reservoir,  Hinks  &  Son 
have,  at  the  suggestion  of  the  author,  enclosed  the  wick  beneath 
the  burner  in  a  wire  gauze  cylinder  or  cage,  as  shown  in  Fig.  264. 
The  prolonged  wick  tube  fitted  to  the  lamps  of  Defries  and  others,  is 
intended  to  serve  the  same  purpose. 

Wicks. — The  value  of  a  wick  depends  upon  the  capillary  attraction 
which  it  is  capable  of  exerting,  and  this  varies  with  the  quality  of  the 
cotton  used,  and  the  manner  in  which  the  wick  is  made.  A  loosely- 
woven  wick  of  "long-staple"  cotton  gives  far  better  results  than  a 
tightly-woven  wick  of  "short-staple"  cotton,  and  a  series  of  experi- 
ments on  wicks  of  the  same  width  in  ordinary  use,  performed  in  the 
laboratory  of  the  author,  showed  that  there  was  a  variation  in  the 
proportion  of  76  to  198,  in  the  quantity  of  oil  raised  under  similar 
conditions.  The  wicks  manu&ctured  by  Joseph  Morgan  &  Son  are 
subjected  to  a  process  of  washing,  by  which  their  capillary  power  is 
greatly  increased.  Wicks  are  found  to  absorb  from  4  to  6  per  cent,  of 
their  weight  of  moisture  from  the  atmosphere,  and  as  the  capillary 
power  is  thus  seriously  impaired,  it  is  advisable  to  carefully  dry  them 
before  use.  The  choking  of  the  wick  which  sometimes  occurs,  appears 
to  be  due  to  the  absorption  of  water,  at  least  in  many  cases,  for 
Nakamura^  finds  that  the  wick  recovers  its  power  when  dried. 

Incombustible  Wicks. — The  wicks  of  the  lamps  employed  by  the 
Vestal  Virgins  are  said  to  have  been  made  of  asbestos,  and  in  the 
Philosophical  Transactions,  1684,  xiv.,  806,  Dr.  Plot  proposed  the  use  of 
wicks  of  asbestos,  or  of  gold  or  other  metal  wire,  "  which  will  lick  up 
oyl  as  well  as  any  other  wick."  A.  and  D.  Gordon  ^  patented  the  use 
of  wicks  of  platinum,  gold,  sUver,  or  copper  drawn  into  threads,  or  of 
glass  drawn  into  capillary  tubes  and  bound  into  a  bundle,  and  Roberts^ 
employed  cane,  porous  wood,  or  asbestos. 

I  /011m.  Soc.  Chem.  Jnd.,  1883,  534.  >  Patent  No.  4,638,  1822. 

>  Patent  No.  10,842,  1840. 
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In  1887,  Bondini  and  Tubini  patented  (No.  10,502)  the  use  of  an 
ordinary  cotton  wick  protected  at  the  end  or  tip  by  enveloping  it  in  a 
capsule  or  sheath  of  wire  gauze  or  perforated  sheet  metal.     A  wick 
patented  by  Heinrichs,  consisted  of  an  asbestos  tip  forming  the  burner, 
an  intermediate  portion  of  mineral  substance,  and  a  lower  portion  of 
felt.     The  "  Phoenix  Perpetual "  lamp  wick  is  prepared  by  treating 
the  upper  end  of  a  cotton  wick  for  a  length  of  about  an  inch,  with  an 
incombustible  material.     In  the  Benson-Lee  lamp,  there  is  a  carbon 
burner  supplied  with  oil  by  a  cotton  feeder-wick.     The  burner  is  of 
the  Argand  type,  and  the  carbon  ring  is  mounted  immovably  in  a 
brass  cell.     The  lamp  is  so  constructed  that  on  being  overturned, 
outflow  of  oil  cannot  occur.     The  adjustment  of  the  flame  is  eflected 
by  controlling  the  air-supply,  and  the  lamp  is  extinguished  by  cutting 
off  the  air-supply.     Wicks  of  the  ordinary  description  are  usually 
adjusted  by  toothed  wheels  flxed  on  a  spindle  which  is  turned  by  a 
milled  head.     In  some  cases,  the  wick  is  carried  by  a  tube  or  frame, 
which  is  raised  and  lowered  either  by  a  rack  and  ])inion,  or  by  a  worm 
cut  on  the  burner  tube  (the  movement  being  effected  by  revolving  the 
burner),  or  by  a  sliding  rod  or  flexible  wire. 

Iiamp  Accidents. — The  subject  of  lamp  accidents,  to  which  much 
attention  has  recently  been  directed,  was  experimentally  investigated 
as  long  ago  as  1871,  by  Dr.  Ohandler  of  New  York.  The  experiments, 
however,  bore  more  particularly  on  the  occurrence  of  explosions  pro- 
duced by  the  ignition  of  a  mixture  of  petroleum  vapour  and  air  in 
the  lamp  reservoir,  and,  as  pointed  out  by  Peckham,  Abel,  and  others, 
a  large  proportion  of  lamp  accidents  are  simply  due  to  the  overturning 
or  dropping  of  the  lamp. 

The  following  extract  from  a  Keport  of  Sir  Frederick  Abel  and  the 
author  to  Her  Majesty's  Chief  Inspector  of  Explosives  (1890),  embodies 
the  principal  results  of  an  investigation  of  the  subject  of  accidents 
with  mineral  oil  lamps  which  was  conducted  by  Sir  F.  Abel,  with  the 
assistance  of  Dr.  Kellner  and  the  author  : — 

"(a)  A  large  proportion  of  the  accidents  occurring  in  the  use  of 
mineral  oil  lamps  are  not  due  to  the  occurrence  of  explosions  in  the 
lamps.  Many  recorded  instances  of  the  breaking  out  of  a  fire,  or  the 
destruction  of  or  injury  to  life,  which  are  ascribed  to  lamp  explosions, 
have  evidently  been  caused  by  upsetting  or  dropping  a  burning  petro- 
leum lamp.  The  sudden  cooling  of  a  glass  reservoir  which  has  become 
much  heated  by  the  burning  of  the  lamp  may  also  result  in  fracture. 
The  substitution  of  benzoline  (mineral  spirit)  for  mineral  oil  has  in 
some  cases  probably  caused  the  accident. 

"  (6)  There  are,  however,  numerous  cases  of  accidents  which  have 
undoubtedly  been  due  to  the  occurrence  of  explosions  in  lamps,  and 
our  experiments  have  enabled  us  to  arrive  at  the  following  conclusions 
with  respect  to  the  causes  of  such  explosions : — 

**  If  the  lamp  be  so  carried  or  rapidly  moved  as  to  agitate  the  oil,  a 
mixture  of  vapour  and  air  may  make  its  escape  from  the  lamp  in  close 
proximity  to  the  flame,  and,  by  becoming  ignited,  determine  the 
explosion  of  the  mixture  existing  in  the  reservoir.     This  escape  may 
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occur  through  the  wick-tube  itself  if  the  wick  does  not  fit  the  holder 
properly,  or  through  openings,  of  suj£cient  size  to  allow  flame  to  pass 
them  readily,  which  exist  near  the  wick-tube  in  many  burners.  Some 
lamps  have  a  tube  inserted  in  the  burner,  through  which  the  reservoir 
can  be  supplied  with  oil,  and  if  this  tube  be  not  effectively  closed  it 
may  constitute  a  channel  for  the  passage  of  flame  to  the  vapour  and 
air  mixture  in  the  reservoir.  The  existence  of  an  imperfectly  closed 
filling  aperture  in  the  body  or  reservoir  of  the  lamp  also  favours  the 
occurrence  of  an  explosion.  A  sudden  cooling  of  the  lamp,  resulting 
from  its  exposure  to  a  draught,  may  give  rise  to  an  inrush  of  air, 
thereby  increasing  the  explosive  character  of  the  mixture  of  vapour 
with  a  little  air  already  contained  in  the  reservoir,  and  the  fiame  of 
the  lamp  may  at  the  same  time  be  drawn  or  forced  into  the  air  space 
filled  with  that  mixture,  especially  if  the  flame  has  been  much  reduced 
in  size  by  lowering  the  wick,  as  the  point  of  combustion  is  thereby 
brought  nearer  to  the  reservoir. 

"  If  the  practice  is  resorted  to  of  blowing  down  the  chimney  with  a 
view  to  extinguish  the  lamp,  the  effects  already  indicated  as  producible 
by  exposure  to  a  draught  may  be  brought  about.     If  the  wick  be 
lowered  very  much,  or  if  for  some  other  reason  the  flame  becomes 
much  reduced  in  size,  so  that  it  is  burning  beneath  the  dome,  the 
lamp  may  become  much  heated,  and  its  susceptibility  to  the  effects 
described  will  be  increased.     Heating  of  the  lamp  reservoir  is  likely 
to  be  promoted  if  the  air  passages  in  the  burner  are  obstructed  by  dirt 
or  charred  wick.     If  the  wick  is  not  long  enough  to  re€u;h  the  bottom 
of  the  oil  reservoir,  and  the  lamp  is  allowed  to  bum  until  the  sur£EU^ 
of  the  oil  is  scarcely  level  with  the  end  of  the  wick,  a  proper  supply 
being  therefore  no  longer  furnished  to  the  flame,  the  wick  may  char 
down  to  and  below  the  level  of  the  toothed  wheels  in  the  wick-tube 
and  drop  into  the  reservoir  while  the  upper  end  is  still  burning,  and 
may  thus  cause  an  explosion.     The  accidental  dropping  of  the  still 
burning  wick  into  the  oil  reservoir,  through  the  wick  being  turned 
down  below  the  level  of  the  toothed  wheels  in  the  act  of  extinguishing 
the  lamp,  is  also  a  fruitful  source  of  explosions.     If  the  flashing  point 
of  the  oil  used  be  below  the  minimum  (73'  Abel  test)  fixed  by  law, 
and  even  if  it  be  at  that  point,  or  a  little  above  it,  vapour  will  be 
given  oflF  comparatively  freely,  but  the  mixture  of  petroleum  vapour 
and  air  formed  in  the  upper  part  of  the  reservoir  of  the  lamp  will 
probably  be  feebly  explosive  in  consequence  of  the  presence  of  an 
excess  of  the  vapour.     On  the  other  hand,  if  the  flashing  point  of  the 
oil  be  comparatively  high,  the  vapour  will  be  less  readily  or  copiously 
produced,  and  the  mixture  of  vapour  and  air  may  be  more  violently 
explosive,  because  the  proportion  of  the  former  to  the  latter  is  likely 
to   be   lower,   and   nearer   that  demanded  for  the  production  of  a 
powerfully  explosive  mixture.     If  the  quantity  of  oil  in  the  lamp 
reservoir  be  but  small,  and  the   air  space  consequently  large,  the 
ignition   of  an   explosive   mixture   produced  within   the  lamp   will 
obviously  exert  more  violent  effects  than  if  there  be  only  space  for 
a  small  quantity  of  vapour  and  air,  because  of  the  lamp  being  com* 
paratively  full. 
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^'Experiments  have  demonstrated  that  the  burning  of  an  oil  of 
comparatively  high  flashing  point  is  more  likely  to  cause  heating  of 
the  lamp  than  the  use  of  an  oil  of  comparatively  low  flashing  point, 
in  consequence  of  the  higher  temperature  developed  by  the  former, 
and  of  the  greater  dij£culty  with  which  some  oils  of  that  description 
are  conveyed  to  the  flame  by  the  wick.  It,  therefore,  follows  that 
safety  in  the  use  of  mineral  oil  lamps  is  not  to  be  secured  simply  by 
the  employment  of  oils  of  comparatively  high  flashing  point  (or  low 
volatility),  and  that  the  use  of  such  oils  may  even  in  certain  cases  give 
rise  to  dangers  which  are  small,  if  not  entirely  absent,  with  oils  of 
comparatively  low  flashing  point. 

"The  character  of  the  wick  materially  afiects  not  only  the  illuminating 
power  of  the  lamp  but  also  its  safety.  A  loosely- plaited  wick  of  long- 
staple  cotton  draws  up  the  oil  freely  and  regularly,  even  when  the 
supply  of  the  liquid  in  the  reservoir  becomes  almost  exhausted,  and 
little  charring  of  the  wick  takes  place  if  the  oil  is  of  good  quality. 
But  if  the  wick  be  tightly  plaited,  or  if  it  be  made  of  short-staple 
cotton  of  inferior  capillary  power,  the  oil  will  be  less  copiously  supplied 
to  the  flame,  and  considerable  charring  of  the  wick,  with  largely 
increased  heating  of  the  burner,  will  ensue.  The  use  of  a  wick  which 
has  not  been  thoroughly  dried  before  immersion  in  the  oil,  or  the 
capillaiT  iK)wer  of  which  has  become  impaired  by  prolonged  use,  may 
bring  about  the  same  result. 

« Our  experiments  have  also  led  us  to  the  conclusion  that  a  lamp 
explosion  is  not  usually  sufficiently  violent  to  cause  the  fracture  of  an 
ordinary  glass  reservoir,  although  in  several  recorded  cases  it  has  had 
this  effect;  but  although  it  may  not,  the  alarm  created  by  the  explosion 
may  lead  to  the  lamp  being  dropped  if  it  is  being  carried  at  the  time, 
ana  if  the  reservoir  is  of  glass,  fracture  will  probably  ensue  and  the 
liberated  oil  may  become  ignited." 

The  following  suggestions  as  to  the  construction  and  management 
of  mineral  oil  lamps,  founded  on  recommendations  made  by  Sir 
Frederick  Abel  and  the  author,  were  formulated  and  published  by  the 
Metropolitan  Board  of  Works  in  1885  : — 

1.  That  portion  of  the  wick  which  is  in  the  oil  reservoir,  should  be 
enclosed  in  a  tube  of  thin  sheet  metal,  open  at  the  bottom ;  or  in  a 
cylinder  of  fine  wire  gauze,  such  as  is  used  in  miners'  safety-lamps 
(28  meshes  to  1  inch). 

2.  The  oil  reservoir  should  be  of  metal,  rather  than  of  china  or  glass. 

3.  The  oil  reservoir  should  have  no  feeding  place  or  opening  other 
than  the  opening  into  which  the  upper  part  of  the  lamp  is  screwed, 

4.  Every  lamp  should  have  a  proper  extinguishing  apparatus. 

5.  £very  lamp  should  have  a  broad  and  heavy  base. 

6.  Wicks  should  be  soft,  and  not  tightly  plaited. 

7.  Wicks  should  be  dried  at  the  fire  before  being  put  into  lamps. 

8.  Wicks  should  be  only  just  long  enough  to  reach  the  bottom  of 
the  oil  reservoir. 

9.  Wicks  should  be  so  wide  that  they  quite  fill  the  wick-holder 
without  having  to  be  squeezed  into  it. 
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10.  Wicks  should  be  soaked  with  oil  before  being  lit. 

11.  The  reservoir  should  be  quite  filled  with  oil  every  time  before 
using  the  lamp. 

12.  The  lamp  should  be  kept  thoroughly  clean,  all  oil  should  be 
carefully  wiped  off,  and  all  charred  wick  and  dirt  removed  before 
lighting. 

13.  When  the  lamp  is  lit,  the  wick  should  be  at  first  turned  down, 
and  then  slowly  raised. 

14.  Lamps  which  have  no  extinguishing  apparatus,  should  be  put 
out  as  follows : — The  wick  should  be  turned  down  until  there  is  only 
a  small  flickering  flame,  and  a  sharp  puff  of  breath  should  then  be  sent 
acro88  the  top  of  the  chimney,  hut  not  dovm  it. 

15.  Cans  or  bottles  used  for  oil  should  be  free  from  water  and  dirt, 
and  should  be  kept  thoroughly  closed.    . 

Dr.  Fock,  in  a  lecture  delivered  in  1888  before  the  Prussian 
Industrial  Society,  on  experiments  made  by  the  German  Standards 
Commission,  stated  that  the  pressure  resulting  from  the  explosion 
of  a  mixture  of  petroleum  vapour  and  air  in  a  closed  vessel  may  be  as 
high  as  14  atmospheres  (210  lbs.  per  square  inch),  the  most  violent 
explosions  apparently  occurring  at  about  8"  C.  (H^"  F.)  above  the 
flashing  point  of  the  oil.  He  recommended  the  use  of  metallic  or  other 
unbreakable  reservoirs,  but  considered  that  the  risk  of  fracture  of  the 
reservoir  was  small,  as  the  pressure  was  relieved  through  the  wick 
tube.     Even  a  cracked  reservoir  was  found  to  withstand  the  pressure. 

Ships'  Lights. — The  lamps  employed  for  ships'  lights  and  for  the 
lighting  of  railway  carriages  must  be  of  special  construction  in  order  to 
prevent  the  extinction  of  the  flame  by  wind  or  water.  In  one  forna, 
the  draught  is  produced  by  a  tapering  metal  chimney,  and  the  flame  is 
supplied  with  air  which  enters  a  chamber  between  two  plates  at  the 
back  of  the  lantern,  through  two  vertical  tubes  about  one-third  the 
height  of  the  chamber  and  half  an  inch  or  more  in  diameter.  Wire 
gauze  is  fitted  to  the  lower  end  of  the  tubes  to  further  break  up  the 
air  current.  The  products  of  combustion  pass  up  the  chimney  and 
impinge  on  an  inverted  cone,  round  which,  and  under  a  covering  plate, 
they  escape.  The  air  supply  is  thus  practically  independent  of  the 
force  of  the  wind,  and  any  extra  air  current  striking  on  the  lantern 
rather  assists  in  drawing  away  the  products  of  combustion. 

SPRAY  LAMPS. 

For  lighting  large  areas,  especially  in  the  open  air,  blast  or  spray 
burners  have  been  introduced.  Figs.  281  and  282  represent  an 
improved  form  of  the  Lucigen  lamp,  originally  patented  by  Lyle 
and  Hannay.^  A,  is  the  oil  tank;  B,  the  union  for  the  compressed 
air,  and  the  cock  for  regulating  the  supply ;  0,  a  moisture  trap 
for  water  separated  from  the  oil ;  D,  a  blow-off  cock ;  E,  a  flexible 
tube  for  the  air  connection;  F,  the  burner  tube,  carrying  oil  from 
the  tank  and  having  a  nozzle,  13;  G,  the  oil  valve;  H,  the  air 
iPateDte,  No.  7,162,  1885;  No.  1,626,  1886;  Nob.  l,C.32ancl  3,113,  1887. 
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valve ;  I,  tlie  air  tube  leading  to  the  coil  heater ;  K,  the  combustion 
cbomber  with  internal  coil  for  heating  the  air ;  L,  the  tube  for  leading 
the  heated  air  to  the  burner;  M,  the  burner;  N,  the  oil  valve  and 
tube  for  the  pilot  light,  17  (this 
device  waa  found  to  be  practi- 
cally useless,  and  has  been 
aliandoned).  In  the  use  of  this 
lamp,  a  supply  of  compressed 
air  is  connected  at  B,  a  steady 
pressure  of  about  15  lbs.  per 
square  inch  in  the  pipes,  being 
required  for  efficient  working. 


Fig.  28i.  Fig.  232. 

The  oil  is  thus  raised  to  the  burner,  and  at  the  same  time  the  air  passes 
through  the  coil  heater  into  the  burner,  where  it  heats  and  sprays 
the  oil.  The  burner  shown  in.  the  illustration  has,  iu  addition  to  an 
internal  coil  of  several  convolutions,  an  internal  cast-iron  baffle  plate. 
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and  an  external  wrought-iron  casing.     The  latest  form  of  the  Lucigen 
lamp  is  provided  with  a  far  simpler  combustion  chamber,  oonatsti&g 
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of  a  single  casting  without  any  intemal  fitting,  and  with  one  external 
coil  of  air  pipe.  A  Lncigen  lamp  of  large  size  produces  a  solid  taper- 
ing flame,  about  3  feet  in  length  and  9  inches  in  maximum  diameter, 
with  an  illuminating  power  of  3,000  to  2,500  candles.  Soch  a  lamp 
consumes  about  2  jtaJJons  of  heavy  mineral  oil  per  boor. 

The  principle  of  the  improved  Lncigen  lamp  hw  been  applied  in 
the  construction  of  burners  for  steam  raising,  rivet  heating,  itc.  The 
rivets  used  in  the  building  of  the  steamships  "Campania"  and 
"  Lncania '  were  thus  heated,  and  a  similar  system  of  heating  was 


the  construction  of  the  Forth 


employed  by  Sir  Williai 
Bridge. 

In  the  "Wells"  light  (Figs.  283  and  284).  patented  by  Wallwork 
and  Wells'  the  oil  is  raised  to  the  burner  by  compressed  air.  The 
reservoir  is  charged  by  means  of  a  pump,  P ;  and  a  screw-plug,  V, 
vertically  grooved  so  that  air  may  be  admitted  by  turning  it,  is  fitted 
with  a  rod,  V>,  by  which  the  height  of  the  liquid  may  be  ascertained. 
The  usual  form  of  the  burner  is  shown  in  Fig.  364,  and  consists  of  a 
hollow  casting,  b,  in  which  are  fitted  a  nozzle,  c,  and  a  cone,  d,  (P. 
Hollow  gills,  g,  increase  the  heating  surface,  and  a  cover,/,  with  air- 
'  No.  2,352,  1S8?,  ud  Nos.  0,738  ud  ':0,3e6,  1889. 
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holes,  y,  is  fitted  round  the  castiiig.  The  oil  hecomes  vaporised  in  the 
casting  and  is  burned  in  admixture  with  air  whicli  the  outrush  of 
vapour  draws  into  the  oone.  The  burner  may  be  fitted  with  a  wind- 
vane,/*,  the  tube,  o,  which  carries  the  burner,  being  arranged  to  turn 
in  the  supply  tube,  L^,  so  that  the  flame  is  kept  in  Une  with  the  wind. 
The  burner  shown  in  Fig.  283,  consists  of  two  hollow  rings,  B, 
through  which  the  oil  passes;  the  nozzle,  C,  through  which  the  vapour 
of  the  oil  escapes ;  and  the  cone,  D  D^,  in  which  the  oil  vapour  mixes 
with  air  before  burning.  The  lamp  is  started,  in  the  case  of  both 
burners,  by  burning  a  piece  of  tow  soaked  in  oil  in  a  cup  beneath 
the  burner. 

MINERAL    SPIBIT    LAMPS. 

Lamps  of  various  forms  are  in  use  for  burning  petroleum  spirit  or 
benzoline.  The  ordinary  domestic  "sponge  lamp"  is  a  small  chimney- 
less  lamp,  with  a  metal  reservoir  filled  with  sponge  or  other  absorbent 
material  into  which  the  solid  cylindrical  wick  passes.  Only  as  much 
spirit  as  can  be  absorbed  by  the  sponge,  is  poured  into  the  reservoir. 
In  some  of  the  lamps  in  which  such  spirit  is  used,  the  illuminating 
agent  is  vaporised  and  burned  at  a  jet  with  or  without  previous 
admixture  with  air.  The  simplest  form  of  vapour  lamp  consists  of 
a  reservoir  having  at  the  top  an  opening  communicating  with  the  air, 
and  at  the  bottom  a  tube  extending  downwards  and  terminating  in 
an  Argand  burner.  The  reservoir  contains  an  absorbent  material 
which  is  saturated  with  gasoline,  and  from  this  the  vapour,  which  is 
much  heavier  than  air,  flows  downwards  under  sufficient  pressure 
to  give  a  steady  flame  at  the  burner.  The  costermonger's  conical  tin 
lamp,  so  largely  used  for  producing  an  out-door  light,  is  one  form  of 
a  lamp  introduced  by  Read  Holliday.^  The  burner  consists  of  a  flat 
or  annular  chamber  with  perforations  at  the  edge  through  which  the 
illuminant  passes.  The  reservoir  is  charged  with  benzoline  or  other 
mineral  spirit,  which  flows  down  a  tube  to  the  burner  and  bums 
there  without  a  wick.  The  supply  is  regulated  by  a  tap,  or  by  the 
introduction  of  cotton  wool  or  other  fibrous  material  into  the  supply 
tube.  The  burner  requires  to  be  heated  before  use,  as  its  action 
depends  on  the  vaporisation  of  the  escaping  spirit. 

LAMPS    FOB    SOLID    PARAFFIN. 

A  convenient  form  of  miner's  lamp  for  burning  solid  paraffin  of  low 
melting  ]>oint,  has  been  introduced  by  Young's  Paraffin  Light  and 
Mineral  Oil  Company.  The  lamp  has  no  chimney,  and  consists  of  a 
little  tin  can  with  a  projecting  spout  which  forms  the  wick-tube. 
The  flame  is  encircled  by  a  copper  ring  which  conducts  heat  to  the 
paraffin  and  maintains  it  in  a  fused  condition  around  the  wick.  The 
Cera  Light  Company  employ  readily  fusible  paraffin  in  ships'  signal- 
lamps.     The  burner  with  which  these  lamps  are  fitted,  has  an  air- 

1  Patents  No.  12,015,  1848,  and  No.  12,965,  1850. 
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deflecting  cone,  and  the  paraffin  is  kept  fluid  in  the  reservoir  by  a 
copper  wire  formed  into  a  helix  above  the  flame  and  passing  down 
beside  the  wick-tube  into  the  reservoir,  where  it  is  bent  into  a  coil. 

Concluding  Remarks.  —  In  the  limited  space  available  in  this 
work  it  has  been  impossible  to  describe  more  than  a  few  of  the 
appliances  which  have  been  introduced  for  the  utilisation  as  a  source 
of  light  of  the  various  liquid  products  of  petroleum,  and  for  further 
information  respecting  mineral  oil  and  spirit  lamps  the  reader  is 
referred  to  articles  by  the  author  in  the  second  volume  of  Chemical 
Technology^  edited  by  Messrs.  Charles  E.  Groves  and  William  Thorp, 
and  published  by  Messrs.  J.  <k  A.  Churchill. 

As  already  mentioned  in  the  introductory  remarks  to  this  section, 
the  stoves  supplied  for  the  domestic  use  of  petroleum  products,  in 
heating  and  cooking,  are  practically  lamps,  and  no  special  description 
of  them  is  necessary. 

AIR  GAS. 

Air  gas  consists  of  an  inflammable  mixture  of  air  and  the  vapour  of 
a  volatile  liquid  hydrocarbon,  such  as  gasoline.  The  proportion  of 
such  vapour  which  air  is  capable  of  taking  up,  varies  with  the  temper- 
ature and  with  the  volatility  of  the  carburetting  material  used.  One 
hundred  volumes  of  air  will  retain  of  the  vapour  of  gasoline  of  0*65 
specific  gravity,  5*7  per  cent,  by  volume  at  14**  F.,  10*7  per  cent,  at  32% 
17'5  per  cent,  at  50°,  and  27*0  per  cent,  at  68°.  Air  charged  with  735 
grains  of  gasoline  vapour  per  cubic  foot,  has  been  found  to  possess  an 
illuminating  power  of  16*5  candles  when  consumed  at  the  rate  of  3\ 
cubic  feet  per  hour  in  a  15-hole  Argand  burner.  Air  gas,  besides 
being  employed  as  an  illuminating  agent,  is  used  in  gas  engines  as  a 
source  of  power. 

Air  carburetted  with  pentane,  is  used  as  the  source  of  light  for 
photometric  purposes,  in  Mr.  A.  Vernon  Harcourt's  standard,  and 
in  Mr.  Dibdin's  10-candle  standard,  which  has  recently  been  recom- 
mended for  official  use,  in  testing  the  illuminating  power  of  the 
gas  supplied  by  the  London  Gas  Companies,  by  the  Board  of  Trade 
Committee,  appointed  in  1891,  to  inquire  into  and  report  upon  the 
subject  of  the  standards  to  be  used  for  testing  the  illuminating  power 
of  coal  gas. 

The  following  is  a  description  of  experiments  performed  by  the  author, 
with  the  assistance  of  Mr.  Blundstone,^  with  a  view  to  the  deter- 
mination of  the  manner  in  which  crude  petroleum  and  certain  volatile 
petroleum  distillates  evaporate  when  subjected  to  a  current  of  dry  air. 
Though  carried  out  in  connection  with  an  investigation  relative  to  the 
formation  of  an  inflammable  or  explosive  atmosphere  in  tank  steamers, 
they  bear  on  the  question  of  the  production  of  air  gas.  In  these 
experiments,  dry  air  was  caused  to  bubble  slowly  through  the  liquid  in 
a  series  of  graduated  tubes  maintained  at  a  constant  temperature. 
The  volume  of  air  which  had  travelled  through  the  whole  of  the  tubes, 

•  Proc,  Inst.  Civ,  Engineers,  Feb.,  1894. 
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and  the  quantity  of  liquid  which  evaporated  from  each  tube,  were  aacer- 
taiaed  at  intervalx,  a  set  of  determinations  being  made  at  temperatures 
of  iO°,  60°,  80"  and  lOO'F. 
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The  results  obtained  are  given  in  the  following  tables,  and  the 
volume  of  each  liquid  evaporated  by  100  volumes  of  air  (based  upon 
the  first  Bet  of  readings  at  each  temperature)  is  shown  in  Fig.  285 : — 
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TABLE  LXn.— Pkntaitm. 


^  Tabe  empty  before  reading  was  takcdi. 


Tem-    : 

Volume 
of  Air 

VoU. 
of  Air 

Volume  of  Liquid  eraporated  by  100  Tolomet  of  Air. 

peraturet 

Volame 
of 

Mused 
throaidi 

tol 
Tolume 

1 

of 

1 

Liquid. 

Liquid. 

C.C. 

Tubes.  ; 

of 
Liquid. 

1                      :           1 

Tube  1.  Tube  2.  Tube  8.  Tube  4.  Tube  5.  Tube  6.    Total. 

1 

1 

•F. 

Litres. 

40 

51-85 

0-85 

16*4 

0-24 

0-035 

0-024    0-011      NU 

Nil      0-31 

40 

51-85 

2-0 

38-6 

0^15 

0O40 

0-022    0013    0-005       „        030 

40 

51-85 

3-35 

64-7 

0-191 

0-041 

0-024    0-014,0-010    0-004    0*28 

eo 

451 

0^ 

19^ 

0-42 

Oil 

0-05     0-04    |0-02 

Nil      0-64 

eo 

45-1 

3-8 

84-2 

0-20* 

0-15 

0-09     0-06     0-02 

0-03     0-56 

eo 

45-1 

5-4 

119-7 

•  •  • 

0-13> 

0-10    '0-07      0-04 

0-03     0-37 

80 

41-7 

0-7 

16-7 

0-91 

0-60 

0-30     0-28     0-26 

019     2-42 

80 

41-7 

1-8 

431 

0  411 

0-39 

0-27 

0-22     0-20 

014    i-ea 

80 

41-7 

2-5 

59-9 

•  •  • 

0-29* 

0-281 

0-271    0-26 

0-20      1-28 

( 

31-1 

1 

100  J 

(in  5 
i  tubes) 

0  9 

28-9 

0-751 

«Not> 
Ireadf 

0-781  ;  0-02*    0-711     0-58      344 

TABLE  LXIII.~OASOLiin£  (Specific  gravity  0-639). 


Tem- 
perature 

of 
Liquid. 


Volume 

of 
Liquid. 


Volume 

of  Air 

passed 

through 

the 
Tubes. 


Vols, 
of  Air 

tol 
Tolume 

of 
Liquid. 


34-3 
591 
85-9 
20-1 
48-0 
79-4 
21-1 
43-7 
83-1 
31-9 


Volume  of  Liquid  evaporated  by  100  volumes  of  Air. 


1 

i 
Tube  1.  Tube  2.  Tube  3. 

1             1 

Tube*. 

Tubes. 

1 

Tube  6. 

Total. 

0181 

0-037 

0-018 

0  012 

0-006 

Nil 

0-25 

0163 

0-049 

0-029 

0016 

0-012 

0-007 

0-27 

0142 

005 

0-03 

0017 

0-016 

0-01 

0-26 

0-40 

0-12 

0-06 

0-05 

0-03 

Nil 

0-66 

0-28 

0-11 

0-07 

005 

0-05 

0-03 

0-59 

0-21 

Oil 

007 

0-05 

0-04 

0  03 

0-51 

0-59 

0-32 

0-30 

0-20 

018 

015 

1-74 

0-37 

0-26 

0-24 

0-17 

0-14 

012 

1-30 

0-201 

0-20 

0-17 

014 

0-12 

0-10 

2-93 

0-491 

0-501 

1 

0-53 

039 

0-46 

0-32 

2-69 

1  Tube  empty  before  reading  was  taken. 

Note, — Rapid  evaporation  and  distillation  (with  condensation  of  liquid  in  exit 
inbe)  ocourred  in  experiment  at  100"  F. 


AIR   GAS. 


689 


TABLE  LXIV.— PsTROLsuM  Spirit  (Specific  gravity  0*679). 


Tem- 

Volume 
of  Air 

Vols, 
of  Air 

Volume  of  Liquid  evaporated  by  100  volumes  of  Air. 

perature 
of 

Volume 
of 

paased 
through 

tol 
Tolume 

Liquid. 

Liquid. 

the 

of 

• 

Tubes. 

Liquid. 

TubeL 

Tube  2. 

Tubes. 

Tube  4. 

Tubes. 

Tube  6. 

Total. 

•F. 

c.c. 

Litres. 

40 

47-7 

0-9 

18*8 

0O9 

001 

0-01 

Nil 

NU 

Nil 

Oil 

40 

47-7 

1-8 

37-7 

009 

001 

0-01 

t> 

It 

)} 

Oil 

40 

47-7 

3  0 

62-8 

0-08 

001 

0  01 

001 

ft 

ft 

Oil 

60 

42  5 

1-35 

31-9 

012 

0-03 

001 

0-01 

»f 

ti 

017 

60 

42-5 

2-8 

65-8 

Oil 

003 

001 

0  01 

001 

001 

0-18 

60 

42-5 

3-8 

89-4 

0-09 

004 

0-02 

001 

001 

0-01 

0-18 

80 

46-5 

1-45 

311 

019 

008 

005 

0*03 

0-02 

0-02 

0-39 

-  80 

46-5 

3  0 

64*5 

014 

007 

005 

0-03 

003 

0^ 

0-34 

80 

46-5 

4-7 

101  1 

Oil 

0  06 

0  04 

003 

0  02 

002 

0-28 

100 

47-9 

105 

21-9 

035 

019 

013 

0  12 

010 

002 

0*91 

100 

47-9 

2-45 

511 

0-23 

0-14 

010 

000 

008 

0-04 

0-68 

100 

47-9 

41 

85*5 

017 

Oil 

010 

0  08 

008 

003 

0-57 

Note. — Slight  distillation  in  experiment  at  100**  F. 


TABLE  LXV.— PsTROLKUM  Spirit  (Specific  gravity  0*700). 


Tem- 

Volume 
of  Air 

1 
^^r        Volume  of  Liquid  evaporated  by  100  volumes  of  Air. 

perature 

Volume 
of 

passed 
through 

tol 
volume 

1 

of 

Liquid. 

Liquid. 

the 
Tubes. 

of 
Liquid. 

Tubel. 

Tube  2. 

Tubes. 

Tube  4. 

Tubes. 

Tube  6. 

TotaL 

'¥. 

c.c. 

Litres. 

• 

40 

27-9 

2-2 

78-8 

0-006 

0002 

0001 

0-001 

Empty 

Empty 

0-11 

40 

27-9 

4-6 

164-8 

0  05 

002 

001 

0-01 

009 

40 

27-9 

7-6 

272-4 

0  04 

002 

001 

0-01 

0*08 

60 

29-25 

1-2 

410  '  Oil 

004 

0-04 

002 

0-21 

60 

29-25 

3-2 

109*4 

008 

004 

003 

0*02 

017 

60 

29-25 

4-5 

153-8 

0  07 

003 

003 

002 

0*16 

80 

43  0 

0-8 

18-6 

0-18 

010 

006 

006 

0-04 

0-04 

0-48 

80 

36-4 

2-0 

54*9 

013 

008 

005 

005 

0-04 

Empty 

0-36 

80 

36-4 

3-6 

98-8 

010 

006 

005 

004 

003 

i> 

0*28 

100 

44-5 

1-2 

26-9 

0-22 

013 

012 

0*11 

007 

0  07 

0-72 

100 

44  5 

4-2 

94-3     0*12 

008 

0  07 

006 

0  05 

004 

0-42 

100 

44-5 

7-3 

164-0     0-09 

006 

0-05 

0-05 

0-04 

0  03 

0-32 

^o(«.— Slight  distillation  in  experiment  at  80**  F.    Considerable  distillation  in 
experiment  at  100**  F. 
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TABLE  LXVI.— Crude  Fxtroleuh  (Specific  gravity  0-801). 


Tem- 

Volume 
of  Air 

Vols, 
of  Air 

Volume  of  Liquid  evaporated  by  100  volumes  of  Air. 

perature 
of 

Volume 
of 

paased 
through 

tol 
volume 

liquid. 
•F 

Liquid. 

the 

of 

Tubes. 

Liquid. 

Tubel. 

Tube  2. 

Tubes. 

Tube  4. 

Tubes. 

Tube  6.    Totol. 

cc 

Litres. 

40 

30-0 

1-4 

46-6 

0  019 

0019 

0-012 

0-012 

Empty 

Empty 

0-06 

40 

30-0 

2-7 

90-0 

0016 

0-016 

0-013 

0011 

0-065 

40 

30-0 

4-0 

133-3 

0113 

0-011 

0-009 

0-009 

0-042 

100 

321 

1-9 

591 

0037 

0-018 

0009 

0009 

0-07 

100 

32  1 

3-7 

115-2 

0027 

0-014 

0-009 

0-009 

0-06 

100 

321 

5-6 

174-4    0-020 

0018 

0011 

0-008 

005 

Taking  the  first  set  of  readings  in  the  case  of  pentane,  it  is  seen  that 
the  volume  of  liquid  evaporated  by  100  volumes  of  air  was  0-31  at  40*, 
0-64  at  60%  2-42  at  80",  and  3-44  at  100**  F.,  a  progressive  increase 
which  indicates  the  effect  of  augmented  temperature.  The  amount  of 
evaporation  from  the  individual  tubes  at  40**  F.  was  (1)  0-24,  (2)  0-035» 
(3)  0-024,  (4)  0-011,  (5)  nil,  (6)  nil,  so  that  the  air  was  saturated  in  its 
passage  through  the  first  four  tubes.  On  the  other  hand,  if  the  totals 
of  the  three  determinations  at  40",  or  at  60°,  or  at  80**  are  com  pared ^ 
it  will  be  seen  that  as  the  volume  of  air  in  relation  to  a  given  volume 
of  liquid  is  increased,  the  percentage  of  liquid  taken  up  by  the  air 
diminishes  in  consequence  of  the  air  passing  away  not  fully  saturated. 
The  amount  of  volatilisation,  of  course,  also  diminishes  as  the  height 
of  the  liquid  column  decreases.  The  results  show  that  although  com- 
plete saturation  of  the  air  is  a  slow  process,  a  very  considerable  amount 
of  vapour  is  readily  taken  up. 


THE   CABBUBETTING   OF   COAIi   GAS  WITH 
VAPORISED   HYDBOCABBONS. 

Professor  Bunte  ^  describes  a  number  of  experiments  on  the  carbu- 
retting  of  coal  gas  by  means  of  various  hydrocarbons,  notably  of 
gasoline  (boiling  at  40°  C.  and  consisting  mainly  of  pentane),  carburine 
(boiling  at  69**  and  mainly  consisting  of  hexane),  and  benzene  (boiling 
at  80**).  He  observes  that  the  results  of  experiments  on  the  illu- 
minating power  of  the  enriched  gas  are  modified  by  the  nature  of 
the  burner  used,  and  by  the  amount  of  gas  burned  in  unit  time.  He 
recommends  the  use  of  benzene  as  a  carburetting  agent,  and  mentions 
the  fact  that  an  important  source  of  it  will  be  the  liquid  produced  in 
the  compression  of  oil  gas. 

According  to  Letheby,^  an  economy  of  from  40  to  50  per  cent, 
resulted  from  the  carburetting  of  coal  gas  with  10  grains  of  volatile 
hydrocarbon  per  cubic  foot. 


'  Joum,  /.  Oasheleuchtung,  1803,  xxxvi.,  442. 


*  Joum,  Soc.  Arts,  x.,  87. 
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AIB  GAS  MACHINES  AND  CABBTTBETTOBS. 

Air  gas  machini^  UBually  conBist  of  arrangements  for  parsing  air 
over  a  ^rge  surface  of  gasoline.  The  liquid  may  be  contained  in  a 
number  of  sballow  trays,  or  in  spongy  or  porous  materials,  curtains  of 
flannel  dipping  into  the  spirit  being  sometimes  employed.  Occasion- 
ally, the  air  is  caused  to  bubble  through  the  liquid.  In  all  cases,  the 
carburetted  air  must  be  ased  as  it  is  made,  for  the  volatilised  hydro- 
carbons re-condense  more  or  less  on  storage,  and  especially  during 
passage  through  pipes. 

The  carburetting  of  air  and  the  enriching  of  illuminating  gas  by 
hydrocarbon  vapours,  appear  to  have  been  first  proposed  by  Lowe,^ 


Fig.  286. 

and  processes  for  the  same  purpose  were  soon  after  devised  by 
Manstield  and  by  Longbottom.  Even  when  gasoline  is  us«k1,  fractional 
evaporation  always  occurs,  so  that  after  a  time,  the  liquid  remaining 
in  the  carburettor  is  fonnd  to  be  insufficiently  volatile.  The  "metrical 
carburettor  of  Jackson,  introduced  to  overcome  this  difficulty,  delivers 
a  measured  quantity  of  gasoline  to  the  gaa  or  air  which  passes  through 
it,  the  proportion  recommended  by  the  inventor,  in  the  case  of  air, 
being  3  (o  6  gallons  per  1,000  cubic  feet,  or  in  tjie  case  of  gas,  1^  to 
3  gallons. 

>  Pat«nti  No.  0,179,  1831,  ud  No.  8,883,  1841. 
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m  a  *«^*«*»'  cf  lUhrr  amriy  orer  winck  tbe  air  b  iorred  br  a 
\fk0wer  dmca  bv  a  weigkt  tiadbgd  to  a  oovd  vovad  rovnd  a  d 
A  windbtcd  lercr  kaeps  tke  drvB  rrrolTinx  w&ile  tbe  veicht  is 

Wt ion's  euiwrcitcr^  iFis.  3^;  eofuxfta  </  a  reserrMr,  A.  finom 
w%aeh  tbe  emthmmUiD^  a(Scnt  »  s^if^lied  to  a  40w«r  chamber.  £w  vLer« 
a  er^rtant  lerel  is  maifitiinrH  A  plvg,  H,  ekiws  tbe  coniiectioA 
iM^ween  tbe  cbaabeix^  A,  B^  vbm  a  phi^  X^  is  renored  for  cbar^in^ 
tbe  vppttT  one.  Tbe  fbaiaber,  B,  is  dirided  into  comparanents  hy 
emrwei  plaiea  corered  witb  spcMigr  material,  F.  vbicb  abwMtis  tbe 
liqaid.  Tbe  air  or  gas  tbus  trsTenes  a  tortooos  patb  azMi  bec«>mes 
fMj  earbare!tted  m  passing  from  tbe  inlet,  D,  to  tbe  outiec.  £. 

In  MaxTMs  carinarettor,'  tbe  gsiioline  or  otb«r  enriching  liqoid  i> 
eraporsted  hj  heat,  to  that  fractional  evaporation  or  any  variation 
of  tbe  amoont  rolatilised«  doe  to  differences  in  temperature  of  the  air 
or  leaSr  ^  obriated.  Tbe  amount  of  socb  evaporsti<Mi  is  aatomaticailv 
adjusted  according  to  tbe  rate  of  oonsnmption  of  tbe  eniicbed  ea.^  It 
bas  been  ioond  tbat  coal  gas  is  enriched,  in  this  apparstn&  to  the  same 
extent,  vbetber  a  large  or  small  number  of  bomers  is  being  supplied, 
and  tbat  no  deposition  of  liqoid  occurs  if  the  enriched  sas  be  cooled 
to  50*  R 

In  KAxim's  improved  apparatus  (Fig.  2*^7*,  the  gasoline  is  sTipplieci 
frv/m  a  reservoir  at  a  suitable  hei^t,  to  the  upper  part  of  a  chamber.  G. 
warmed  bj  steam  or  br  hot  air  from  a  ring  burner  surrounding  its 
lower  part,  and  passes,  as  shown  bv  arrows,  over  and  through  a 
number  of  perfbrsted  plates  in  its  downward  course.  The  upper  end 
of  the  vessel  is  fitted  with  a  tube,  G\  terminating  in  a  caip  through 
which  slides  a  tube,  J,  carried  by  a  gasholder,  D,  and  bavin;;  a  series 
of  apertures  throughout  its  length.  The  air  is  supplied  at  £  to  a 
mixing-chamber,  B,  bavins:  in  its  casing  some  mercury,  in  which  the 
gasholder  rises  and  falls.  When  the  gasholder  reaches  a  certain  height, 
its  contents  pass  through  apertures,  formed  in  it  at  a  suitable  level. 
int/i  a  chamber.  A,  whence  they  pass  away  at  F  for  consnmptinn.  As 
the  gasholder  rises  with  the  tube,  the  perforations  in  the  tube  allow 
more  or  less  of  the  gasoline  vapour  to  enter  the  gasholder,  so  that  the 
supply  of  vapour  is  varied  according  to  the  amount  of  gas  used.  The 
tulje,  J,  is  sometimes  fitted,  as  shown,  with  a  similarly  perforated 
tulje,  J*f  which  may  be  adjusted  augularly  or  lougitudinally.  so  that 
tbe  openings  may  be  more  or  less  cl<^ed  to  further  regulate  the  supply 
of  gasoline  vapour.  In  another  arraugement,  the  tubes,  J  J^  are 
replaced  by  a  rod  passing  through  the  cap  of  the  tube,  G^  and  having 
tapering  V-shaped  grooves  which  permit  passage  of  more  or  less  of  the 
vapour  into  the  gasholder,  according  as  their  wider  or  narrower  parts 
are  above  the  cap. 

The  principal  Metropolitan  Gas  Companies  now  extensively  employ 
gasoline  for  raising  the  illuminating  power  of  their  gas.     Fig.  288 

I  PsteotsKo.  3,301,  1875,  and  No.  3,865,  1880. 
'  Patents  Nos.  703  and  2,506,  1889. 
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represents  an  arraDgement  for  this  purpose,  patented  by  Maxim  and 
Sedgwick.' 


The  gasoline  is  contained  in  a  vaporiser,  A,  and  is  converted  into 

vapour  by  steam  supplied  Trom  a  generator,  B,     The  vapoar  may  be 

<  No.  2,S0«,  18W. 
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delivered  diractly  into  the  gu  m&in,  but  is  preferably  mixed  with  a 
anitable  quantity  of  gu  drawn  from  the  main  at  a  convenient  point, 
and  returned  to  it  after  enrichment.  The  vaporiser  is  divided  into 
three  compartments  by  tube-platea,  a*  a',  connected  by  tubes,  a*,  and 
the  hydrocarbon  passes  into  it  through  a  valve,  g,  from  a  raised  tank. 
In  the  arrangement  preferred  by  the  inventors,  the  vapour  produced 
passes  out  at  e  through  a  stop-cock  or  valve,  into  an  injector.  In 
escaping  through  the  annular  noszle  of  the  injector,  the  vapour  draw-t 


a  quantity  of  gas  through  a  pipe  from  the  main  and  mingles  with  it. 
The  mixture  is  delivered  through  another  pipe  into  thii  main,  and  the 
gas  is  thus  enriched  to  any  desired  extent 

The  atsam  generator,  B,  consists  of  an  upper  chamber  containing 
the  water,  and  a  lower  chamber  in  which  the  heating  arrange  inenta 
are  enclosed.  The  hot  products  of  combustion  from  a  burner,  o,  pass 
npvards  through  flues,  p  r,  and  downwards  through  fines,  r  p^,  into  a 
chamber,  <],  separated  by  a  diaphragm,  7>,  from  the  chamber  containing 
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the  burner.  They  finally  escape  through  the  side  of  the  chamber,  q. 
The  flue,  r,  is  annular,  and  may  have  a  tube  or  tubes,  r^,  passing 
through  it  to  increase  the  heating  surface.  The  supply  of  gas  to  the 
burner  is  preferably  regulated  by  a  valve,  y,  controlled  by  a  diaphragm, 
y,  which  rises  or  falls  with  any  alteration  of  the  pressure  in  the  steam 
generator,  B.  The  gas  is  re-lighted  at  the  burner,  o,  by  a  continuously 
burning  fiame  supplied  from  a  tube,  I.  The  steam  passes  into  the 
middle  chamber  of  the  vaporiser  and  the  condensed  water  returns  to 
the  generator,  B,  through  a  pipe,  d. 

The  supply  of  spirit  to  the  vaporiser  is  regulated  by  the  pressure  of 
the  steam  on  a  flexible  diaphragm,  J^,  connected  with  a  valve,  ff,  on 
the  supply  pipe,  by  a  solid  or  tubular 
rod,  A.  Any  liquid  which  accumu- 
lates in  the  vaporiser  is  drawn  off  at 
a  cock,  j. 

Fig.  289  illustrates  the  "  Simplex- 
carburettor  "  employed  with  the  gas 
engines  of  Messrs,  Delamare- 
Deboutteville  and  Malandin  of 
Rouen,  for  producing  air  gas.  Petro- 
leum spirit  of  density  0'65  to  0'70 
is  placed  in  a  reservoir,  R,  and  thence 
flows  through  a  graduated  cock,  D, 
into  a  column,  E,  surrounded  by  a 
casing,  C,  heated  by  the  hot  water 
from  the  jacket  of  the  engine  cylin- 
der. This  water  has  a  temperature 
of  40°  to  50°  C,  when  it  reaches  the 
casing,  C.  Water  from  the  casing 
falls  in  a  light  shower  at  F 
mingles  with  the  spirit  in  the 
column,  E.  A  spiraj  horse  -  hair 
brush,  B,  serves  to  break  the  oil  up 
into  spray.  Each  suction  stroke  of 
the  gas-engine  piston,  acting  through 
a  noo-retum  valve,  S,  draws  air 
through  the  column,  E,  in  which  it 
becomes    saturated  with  the    spirit 

vapour.  The  water,  dirt,  and  excess  of  spirit  pass  into  a  chamber,  L, 
through  a  valve,  V.  An  overflow  pipe,  N,  keeps  the  water  at  a  con- 
stant level.  The  water  is  stated  to  be  of  service  in  facilitating  the 
spraying  of  the  spirit,  and  removing  dirt. 

OIL    OAS. 

Oil  gas  is  now  very  largely  and  increasingly  used  as  an  illuminating 
agent,  both  alone  and  in  admixture  with  coal  gas  and  v/ater  gas  ;  it  is 
also  employed  as  a  source  of  power  in  gas  engines.  On  account  of  its 
high  illuminating  value,  and  of  the  fact  that  it  suffers  less  deteriora- 
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tion  on  compression,  than  coal  gas,  it  is  employed  for  lighting  railway 
trains,  and  ships,  baoys,  and  lighthouses.  For  use  in  buoys,  it  is 
generally  compressed  to  about  10  atmospheres,  when  it  loses  about 
10  per  cent,  of  its  illuminating  power  from  the  condensation  of  the 
less  volatile  hydrocarbons,  but  still  gives  a  light  of  from  40  to  50 
candle-power. 

For  the  lighting  of  railway  carriages,  it  appears  to  have  been  first 
used  in  1871  on  the  Silesian  railways,  and  in  1876,  it  was  introduced 
on  the  Metropolitan  Bailway.  According  to  Mr.  Thompson,  the  use 
of  oil  gas  on  the  Metropolitan  Railway  is  cheaper  than  that  of  coal 
gas. 

The  first  oil-gas  producer  was  made  in  England  in  1815  by  Taylor,^ 
the  gas  being  prepared  by  passing  vegetable  and  other  oils  through 
highly  heated  pipes,  but  lighting  by  compressed  oil  gas  was  proposed 
as  early  as  1792  by  Murdock.  Faraday ^  examined  the  gas  and  by- 
products obtained  by  the  process  patented  by  Gordon  and  Heard  ^  for 
producing  a  compressed  portable  gas. 

In  the  manufacture  of  oil  gas,  the  oil  is  slowly  delivered  into 
a  retort  heated  to  cherry  redness,  and  is  thus  converted  into 
permanent  gas.  The  illuminating  power  of  the  gas  depends  upon 
the  temperature  of  the  retort,  more  gas  beiug  obtained  when  the 
retort  is  highly  heated,  but  the  product  being  of  lower  lighting 
yalue. 

The  colour  of  the  gas,  at  the  time  of  production,  should  be  nut- 
brown,  and  the  tar  from  the  hydraulic  main  should  not  exhibit  a 
greasy  margin  when  dropped  on  white  paper.  If  the  oil  be  supplied 
to  the  retort  too  freely,  or  if  the  temperature  of  the  retort  be  insuffi- 
ciently high,  the  gas  will  be  light  brown  or  white  in  colour,  and  the 
greasy  margin  referred  to  will  be  formed;  whilst,  on  the  other  hand, 
if  too  little  oil  be  passed  into  the  retort,  or  if  the  temperature  be  too 
high,  the  colour  of  the  gas  will  be  dark  brown,  and  flakes  of  soot 
will  be  discernible. 

On  leaving  the  retorts,  the  oil  gas  passes  into  a  main  filled  with 
water  which  removes  the  bulk  of  the  tarry  matters.  Thence  it  flows, 
after  further  washing  and  cooling,  into  the  gas  holder.  This  purifying 
process  is  sufficient  for  gas  used  in  engines,  but  when  required  for 
lighting  purposes,  the  gas  passes  from  the  hydraulic  main,  through 
a  water  washer,  and  thence  over  a  mixture  of  two  parts  of  slaked  lime 
and  one  part  of  sawdust.  Having  thus  been  freed  from  sulphur 
compounds,  carbonic  acid,  <S:c.,  it  is  stored  in  a  gasholder,  and  is  thence 
pumped  into  portable  receptacles  at  a  pressure  of  10  atmospheres. 

In  Great  Britain,  oil  gas  has  until  recently  been  usually  made  from  the 
'gas  oil"  obtained  in  the  distillation  of  Scotch  shale.  This  oil,  which  is 
intermediate  between  the  burning  and  lubricating  oils  in  respect  to 
boiling  point  and  density,  has  a  specific  gravity  of  0*84  to  0*87.  Now, 
however,  an  intermediate  Russian  oil  known  as  solar  oil  distillate,  gas 
oil  imported  from  the  United  States,  and  ordinary  kerosene,  are  all 
used  for  the  purpose  by  the  gas  companies.  Mr.  Donkin  states  that 
1  Patent  No.  3,929.  =  PhU.  Trans.,  1825,  440.  '  No.  4,381,  1819. 
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"in  other  countries  various  Bubstancea  are  sncceBBfully  distilled  to 
produce  oil  gaa,  such  as  lioeeed  oil  in  Brazil,  castor  oil  in  Burmah, 
palm  oil  in  West  Africa,  mutton-fat  in  Australia  and  South  America, 
and,  in  general,  fatty  refuse  of  all  kinds  vberever  it  is  found  in 
abundance." 

The  tar  obtuned  in  the  manufacture  of  oil  gas,  amounts  to  about  & 
gallons  per  1,000  feet,  and  is  burned  under  the  retorta.  The  liquid 
obtained  by  the  compres- 
sion of  the  gas,  contains 
from  24  to  65  per  cent. 
of  benzene  and  toluene,^ 
and  is  rich  in  normaJ  ole- 
lines,  but  is  practically  free 
from  paraffins.  It  amounts 
to  about  1  gallon  per  1,000 
cubic  feet.  It  appears  to 
be  well  suited  for  the  pro- 
duction of  air  gas,  but  is 
sai<l  to  be  mainly  sent  to 
Belgium  for  use  in  the 
manufacture  of  varnish. 

I'intsch's  oil'gas  plant,^ 
lai^ely  used  for  making 
^as  for  buoys,  lighthouses, 
ikc.,  is  represented  in  Fig. 
290.  The  retorts  are  of 
cast  iron  and  D  shaped 
the  largest  size  being  6 
feet  2  inches  to  6  feet  4 
inches  long,  10  inches  wide, 
and  9J  inches  deep  Thev 
are  heated  to  a  bright 
cherry-red  and  are  worked 
in  pairs,  one  being  set 
above  the  other      The  oil 


Fig  290 


into  the  upiier  retort.  A,  at  one  end,  where  it  falls  upon  an  iron  tray, 
C,  and  the  vapour  passes  into  the  hotter  retort,  D,  beneath,  where  it- 
beconies  gasified.  The  gas  passes  through  a  tar  separator,  E,  into  the 
hydraulic  main,  and  is  further  purified  in  the  manner  already  described, 
about  80  cubic  feet  of  gas  being  obtained  per  gallon  of  oil.  Thi^  pres- 
sure in  the  retorts  amounts  to  about  3  or  4  inches  of  water. 

The  Keith  plant  (Fig.  291)  was  the  first  applied  to  the  production  of 
oil  gas  for  use  in  motors  on  the  large  scale.  It  is  employed  by  the 
Commissioners  of  Northern  Lights,  at  Langness  Point,  in  the  Isle  or 
Man,  for  driving  the  Crosaley  engine  in  connection  with  the  fog 
signalling  apparatus.     There  is  also  an  installation  on  this  system  on 

>  Oreville  WiUianu,  Ckem.  Neui*,  xlU.,  197. 

»  PfttenU  No.  3,101, 1873  j  No.  4,616,  1876  i  and  No.  4,967.  1883. 
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Ailsa  Craiji;  Rock,  in  thn  Firth  of  Clyde,  for  the  same  purpose.'     The 
central  portiou  of  the  retorts  is  constructed  as  shown,  and  the  oil  in 


Fig.  292. 

For  small  installations,  Mr.  Keith  has  introduced  a  double  retort 
which  is  of  V-sliape  in  plan  and  of  the  ordinary  Q -shape  in  section. 

Fig.  292  represents  the  Mansfield  producer,  in  which  oil  s"^  ^^^y 
be  made  from  any  kind  of  oil  or  fat  as  well  as  from  par^Hin  oils.  The 
oil  or  fat  in  the  vessel,  A,  runs  continuously  into  a  siphon  pipe,  S, 

'  StevenBOD,  Proc.  /n«f.  Civ.  Bagintert,  Ixxxix. 
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where  it  becomes  vaporised,  the  vapour  passing  into  a  retort,  R,  heated 
to  a  cherry-red.  The  retort  is  surrounded  by  a  cast-iron  casing,  0, 
lined  with  firebrick,  L.  The  supply  of  air  and  the  discharge  of  the 
products  of  combustion  are  regulated  by  dampers,  M  D.  The  oil  is 
not  supplied  to  the  siphon,  S,  until  the  retort  is  fully  heated,  as  seen 
through  an  opening,  p.  The  gases  pass  through  the  retort  hood,  B, 
and  down  a  stand-pipe,  P,  to  the  hydraulic  box,  H,  whence,  after 
being  purified  from  tar,  they  escape  at  Q  to  the  gasholder.  N  is  a 
door  through  which  the  tar  is  withdrawn  from  the  box,  and  Y  a  safety 
valve.  The  hood,  B,  rests  upon  two  sockets,  O  K.  One  of  these  (K) 
forms  a  water  seal  through  which  the  gas  escapes  in  the  event  of 
excessive  pressure  occurring.  The  other  (O)  is  filled  with  lead  which 
melts  with  the  heat,  the  hood  sinking  into  it,  and  a  gas-tight  joint 
being  thus  formed.  When  worked  with  "intermediate"  oil,  from 
7  to  9 1  gallons  of  oil  is  used  per  1,000  feet  of  gas,  the  cost  of  oil  and 
fuel,  with  the  former  at  4Jd.  per  gallon,  being  about  5s.  per  1,000  feet. 
The  temperature  of  the  vessel.  A,  is  sufficiently  high  to  liquefy  solid 
fats. 

In  the  Thwaite  plant  (Fig.  293)  the  generator  consists  of  an  iron 
retort  enclosed  in  a  slow -combustion  chamber,  the  heating  being 
effected  by  the  combustion  of  coke.  The  oil  trickles  into  the  retort 
down  a  central  tube,  and  the  vapour  passes  up  between  the  tube  and 
the  sides  of  the  retort,  the  permanent  gas  thus  formed  being  con- 
ducted away  at  the  top  to  a  condenser  and  thence  to  an  oxide  of  iron 
purifier. 

For  the  enriching  of  water  gas,  the  oil  gas  is  frequently  produced  by 
passing  the  water  gas  with  the  vapour  of  the  oil  through  superheaters, 
AS  in  the  Lowe,  Springer,  and  other  processes  used  in  the  United  States 
and  elsewhere.  In  the  six  months  ended  December  31,  1891,  the 
London  Gas  Light  and  Coke  Company  are  said  to  have  employed,  as 
an  enricher,  oil  gas  equivalent  to  the  gas  from  14,631  tons  of  cannel 
€oal.^  The  accounts  of  this  company  show  that  in  the  six  months 
ended  December  31,  1894,  no  less  than  511,761^000  cubic  feet  of  oil 
gas  was  used  by  them. 2 

In  the  Lowe  process,  as  described  by  Professor  Lewes,*  coke  or 
anthracite  is  heated  to  incandescence,  in  a  generator  lined  with  fire- 
brick, by  an  air  blast,  the  heated  products  of  combustion,  as  they  leave 
the  generator  and  enter  the  superheaters,  being  supplied  with  more  air, 
which  causes  the  combustion  of  the  carbon  monoxide  present  in  the 
producer  gas,  and  heats  up  the  firebrick  "baffles'*  with  which  the 
superheater  is  filled.  When  the  necessary  temperature  of  the  fuel  and 
superheater  has  been  reached,  the  air  blasts  are  cut  off,  and  steam  is 
blown  through  the  generator,  forming  water  gas,  which  meets  the 
enriching  oil  at  the  top  of  the  first  superheater,  called  the  carburettor, 
and  carries  the  vapours  with  it  through  the  main  superheater,  where 
the  "fixing"  of  the  hydrocarbons  takes  place.  The  chief  advantage  of 
this  apparatus  is  that  the  enormous  superheating  space  enables  a  lower 

»  Engineer,  1S92,  Ixxiv.,  13.  »  Qas  World,  Feb.  2,  1895,  125. 

>  Cantw  Lectures,  1890. 
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Fig.  203. 
temporature  to  be  used  for  the  "fixing.'     This  does  away,  to  a  great 
extent,  with  the  too  great  breaking  down  of  the  hydrocarbons,  and 
consequent  depoeitton  of  carbon. 

In  a  description  of  the  Lowe  process  as  used  at  Beckton,  Mr,  T. 

Goulden'  states  that  there  are  twelve  generators  capable  of  )iroducing 

'Joun.  <if  Otti  Lighting,  tc.  May  33,  1SS3,  bcj.,  &39. 
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6  million  cubic  feet  of  carburetted  water  gas  daily,  and  actually 
producing  about  5  million  feet  per  day.  The  efficiency  of  the  gas 
obtained  was,  at  the  time  of  publication,  1,082  candles  per  gallon  of 
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''Russian  distillate"  used,  and  the  gas  was  employed  to  the  extent 
of  about  10  per  cent.,  for  enriching  ordinary  coal  gas.  The  coal  gas 
may  be  considered  to  contain  8  per  cent,  of  carbon  monoxide,  while 
the  mixed  gas  issued  to  the  consumer  contained  about  lO'o  per 
cent. 

In  the  Springer  process,  which  differs  from  the  Lowe  only  in  the 
constraction  of  the  apparatus,  the  superheater  is  directly  above  the 
generator,  and  there  is  only  one  superheating  chamber  instead  of  two. 
The  air  blast  is  admitted  at  the  bottom,  and  the  producer  gases  heat 
the  superheater  in  the  usual  way.  When  the  required  temperature  is 
reached,  the  steam  is  blown  in  at  the  top  of  the  generator,  and  is  made 
to  pass  through  the  incandescent  fuel,  the  water  gas  being  led  from  the 
bottom  of  the  apparatus  to  the  top,  where  it  enters  at  the  summit  of 
the  superheater,  meets  the  oil,  and  passes  down  with  it  through  the 
chamber,  the  finished  gas  escaping  at  the  middle  of  the  apparatus. 

Although  carburetted  water  gas  is  still  only  used  to  a  comparatively 
small  extent  in  England,  and  then  only  for  the  purpose  of  enriching 
coal  gas,  it  is  stated  that  of  the  60,000,000,000  cubic  feet  of  illumin- 
ating gas  made  in  the  United  States  and  Canada  daily,  two-thirds 
consists  of  carburetted  water  gas.^  Several  of  the  arrangements  in 
use  in  America  for  the  production  and  carburetting  of  water  gas  are 
described  by  Hempel.^ 

Fig.  294  illustrates  an  arrangement  introduced  by  Mr.  Thwaite,  for 
making  enriched  producer  gas  of  constant  quality,  usually  of  about 
the  same  heating  power  as  ordinary  coal  gas.  The  figure  represents 
the  installation  in  use  at  the  Southall  Gas  Works  of  the  Brentford 
Gas  Corporation.  There  are  two  producers  which  are  automatically 
and  regularly  charged  with  coke  or  anthracite,  and  are  used  alter- 
nately. The  products  of  combustion  in  one  producer  are  drawn 
through  a  flue  into  the  other,  in  which  they  are  converted  by  passage 
through  its  incandescent  fuel,  into  hydrogen  and  carbon  monoxide. 
These  gases  are  collected  in  a  separate  holder,  or  are  used  for  diluting 
the  final  product.  After  a  proper  interval,  the  direction  of  the  gases 
is  reversed  by  automatic  valves,  and  after  four  reversals,  the  air, 
which  has  raised  the  fuel  to  incandescence,  is  shut  off,  and  oil  is 
sprayed  in  by  a  st'eam  injector  at  the  upper  part  of  one  of  the 
producers.  The  oil  vapour  passes  with  the  steam  through  the 
incandescent  fuel  in  the  other  producer,  and  is  there  converted  into 
permanent  gas  in  admixture  with  the  water  gas  produced  by  the 
decomposition  of  the  steam  by  the  fuel.  When  the  temperature  of 
the  fuel  falls  too  low,  the  oil  is  shut  ofi*,  and  the  fuel  is  re-heated  by 
admitting  air.  Professor  Kobinson  states  that  of  the  expenses  of 
working,  95  per  cent,  is  for  oil,  3  per  cent,  for  anthracite  or  coke, 
and  2  per  cent,  for  labour,  and  that,  taking  crude  petroleum  at  508.  per 
ton  at  the  works,  the  cost  of  gas,  equal  in  lighting  and  heating  power 
to  ordinary  London  coal  gas,  would  work  out  at  about  Is.  8d.  per 
1,000  feet.  This  however,  does  not  include  the  cost  of  condensation, 
purification,  (fee. 

^  Goulden,  /.c  ^Journ,f.  Oaahtleuchtung^  xxxvi.,  465  and  492. 
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Messrs.  W.  Young  and  A.  BelP  have  introduced  a  system 
(generally  known  as  the  Peebles  process)  of  manufacturing  oil  gas, 
which  is  now  employed  at  the  Galashiels  Gas  Works.  The  plant 
is  represented  in  Fig.  295,  which  is  taken  from  the  Journal  of  Gas 
Lighting^  1893,  p.  265.  The  retorts  used  are  of  cast  iron,  of  cylindrical 
form,  and  larger  than  those  employed  for  making  coal  gas.  They  are  9 
feet  long  and  27  inches  in  internal  diameter,  and  are  slightly  inclined, 
as  shown.  The  oil  retorts  and  the  ordinary  coal  retorts.  A,  are  set  back 
to  back,  and  the  former  are  heated  at  0  by  the  gas  from  a  "semi- 
producer,"  which  furnishes  the  heat  required  for  the  carbonisation  of 
the  coal.  The  front  of  each  oil  retort  has  a  mouthpiece,  B,  with  a 
circular  door  and  an  off-take  pipe  communicating  by  pipes,  D,  with 
the  hydraulic  main,  E.  From  the  condenser,  M,  the  gas  passes  to  the 
scrubber,  N,  above  which  is  a  cistern,  O,  containing  the  oil  used  for 
scrubbing.  The  compensating  and  settling  tank  is  shown  at  F,  the 
oil  outlet  from  the  hydraulic  main  at  G,  the  main  oil-feeding  pipe  at 
H,  the  regulating  valve  and  siphon  pipe  at  K,  and  the  fresh-oil  supply 


Fig.  295. 

pipe  and  ball  cock  at  L.  At  Galashiels,  ** blue-oil"  of  specific  gravity 
0*885  is  used,  and  the  temperature  in  the  retort  is  from  1,200*  to  1,300* 
F.,  the  inside  temperature  in  the  centre  of  the  retort  being  about 
900"  to  950"  F.  The  temperature,  however,  varies  with  the  nature 
of  the  oil,  and  is  much  higher  for  blast-furnace  oil  and  coal  tar. 

The  oil  is  allowed  to  enter  the  retort  at  such  a  speed  that  it  is  not 
wholly  converted  into  permanent  gas,  but  in  part  is  vaporised  only. 
The  arrangement  adopted  is  said  to  result  in  a  fractional  vaporisation 
of  the  oil  as  it  passes  from  end  to  end  of  the  retort,  and  in  the 
subjection  of  the  vapours  to  gradually  increasing  temperatures.  The 
inflowing  oil  removes  soot,  «kc.,  from  the  gas  issuing  from  the  retort. 
The  gas  on  leaving  the  scrubber  is  mixed  with  the  low-quality  coal 
gas  at  the  inlet  of  the  purifiers.  The  coke  from  the  oil  retorts  is 
hard,  dense,  and  almost  free  from  sulphur.  The  plant  is  of  course 
applicable  for  the  manufacture  of  oil  gas  otherwise  than  for  admixture 
with  coal  gas,  and  the  drawing  merely  shows  an  arrangement  (very 
different  from  that  figured  in  the  patent  specification)  well  adapted 
for  a  gas  works. 

^  Patents  No.  12,421,  1892,  and  No.  12,355,  1893. 
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The  working  of  this  process  has  been  reported  upon  by  Professor 
Lewes,^  Mr.  F.  T.  C.  Linton,*  Mr.  S.  Glover,^  and  Mr.  A.  YuilL* 
Professor  Lewes  states  that  when  used  for  enriching  18-candle  gas 
obtained  from  splint  coal,  the  efficiency  of  the  oil  gas  equals  85  feet 
of  90-candle  gas,  or  1,530  candles,  per  gallon  of  oil.  This,  as  pointed 
out  by  Dr.  Stevenson  Macadam,^  is  a  higher  efficiency  than  can  be 
obtained  by  burning  the  oil  itself  in  a  first-class  lamp,  such  as  Doty^s 
lighthouse  lamp.  Mr.  Linton  asserts  that  this  process  would  produce 
oil  gas  cheaper  than  gas  from  high-class  cannel  at  the  lowest  price 
over  reached,  even  if  the  cost  of  the  oil  were  doubled.  Professor 
XiOwes  gives  the  following  analysi:^  of  the  gas  : — 

Per  cent. 

Hydrogen 16-85 

Unsaturated  hydrocarbons,  44*83 

Ethane, 17*30 

Methane,         .         .        .        .        .                 .  19*00 

Carbon  monoxide, 0*00 

Carbon  dioxide 0*63 

Oxygen, 0*24 

Nitrogen, 1*15 

100-00 


There  was  a  distinct  trace  of  sulphuretted  hydrogen  derived  from 
the  sulphur  in  the  shale  oil  from  which  the  gas  was  obtained.  The  oil 
circulating  in  the  apparatus  was  found,  on  the  examination  of  samples, 
to  be  highly  charged  with  naphthalene,  and  to  contain  only  small 
traces  of  hydrocarbons  with  low  boiling  |K>ints ;  but  the  oil  from  the 
trays  in  the  scrubber  consisted  of  the  original  oil  highly  charged  with 
benzene  and  light  saturated  and  unsaturated  hydrocarbons  boiling 
between  65'  and  140"  0.,  chiefly  hexane,  heptane,  nonane,  hexylene 
and  heptylene.  "These  data  point  to  the  fact  that,  in  the  retort, 
the  shale  oil  decomposes  in  the  usual  way,  yielding  saturated  and 
unsaturated  hydrocarbons,  some  gaseous  and  some  vapours  of  volatile 
liquids.  The  contact  with  the  hot  sides  of  the  retort  causes  tlie  splitting 
up  of  some  of  the  ethylene  into  ethane,  methane  and  acetylene,  and  the 
latter  at  once  polymerises  into  benzene  and,  still  further,  into  naph- 
thalene. Leaving  the  retort  and  passing  through  the  condensing  coil, 
the  oil  dissolves  out  all  the  naphthalene  from  the  gas,  whilst  in  the 
trays  of  the  scrubber  the  close  contact  with  fresh  oil  removes  the 
vapours  of  benzene  and  anything  else  which  could  afterwards  undergo 
<;ondensation.     It  is  this  which  makes  the  Young  gas  so  permanent." 

Mr.  J.  F.  Tocher®  gives  the  result  of  a  number  of  experiments  on 
the  production  of  oil  gas.  The  following  table  shows  the  nature  of 
the  products  from  various  oils,  the  cracking  of  the  oils  being  carried 
out  in  a  cylindrical  iron  retort,  36  inches  by  6  inches  : — 

1  Joum,  of  Oat  Lighting,  &c.,  Jnne  20,  1893,  Ixi.,  1150. 

2  Ibid.,  738.  »  Ibid,,  June  5,  1804,  Ixiv.,  1050. 

*  Ibid,,  Ixv.,  1S94,  234  and  278  ;  see  also  Young  and  Galloway,  ibid.,  Ixv.,  1894, 
i236,  238,  and  320. 

•  Ibid,,  Ixu.,  12.  <  Joum.  Soc,  Chem,  Ind„  March  31,  1894,  231. 
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These  results  indicate  that  the  temperature  which  produces  gas  of 
the  highest  illuminating  power,  lies  between  800"  and  850**  C,  which 
is  said  to  be  much  lower  than  that  employed  in  the  Pintsch  and  Keith 
oil  gas  retorts,  and  that  the  higher  temperatures  tend  to  produce  free 
hydrogen  at  the  expense  of  the  heavier,  light-producing  hydrocarbons. 
The  results  given  in  Table  LXVIII.  are  also  of  interest  in  this  con- 
nection. The  experiments  on  octane  and  decane  were  performed  in  a 
cylindrical  iron  retort  8  inches  long  and  3  inches  in  diameter,  while 
the  turpentine  was  decomposed  in  an  iron  retort  36  inches  long  and 
6  inches  in  diameter. 

Mr.  Tocher  observes  that  the  larger  proportion  of  unsaturated 
hydrocarbons  is  found  in  the  gas  produced  from  oils  mainly  composed 
of  the  higher  members  of  the  oletine  series,  and  states  that  the  Scotch 
mineral  oils  must,  therefore,  be  the  best  for  manufacturing  oil  gas, 
and  Russian  oil  better  than  American. 

Table  LXIX.  shows  the  results  obtained  by  him  in  the  enriching 
of  coal  gas  with  various  proportions  of  oil  gas. 

A  process  for  the  manufacture  of  illuminating  gas  recently  intro- 
duced by  Professor  Vivian  B.  Lewes ^  consists  in  the  production  of 
a  mixture  of  hydrogen,  oil  gas,  and  water  gas  in  a  single  operation, 
the  hydrogen  being  formed  by  the  action  of  steam  on  incandescent 
iron,  and  the  water  gas  and  oil  gas  by  the  action  of  steam  on  in- 
candescent coke^  and  the  simultaneous  "  cracking  *'  of  oil  injected  into 
the  fuel. 

The  apparatus  employed  consists  of  a  generator  divided  into  three 
compartments,  the  inner  of  which  is  filled  with  coke,  while  the  two 
outer  ones  are  filled  with  iron.  The  coke  is  heated  to  incandescence 
by  an  air  blast,  the  carbon  monoxide  and  nitrogen  which  form  the 
products  of  combustion  being  passed  for  the  first  four  or  five  minutes 
of  each  "  blow  "  down  through  iron  chambers  to  reduce  the  oxide  of 
iron,  produced  by  the  previous  action  of  steam,  to  the  metallic  state. 
When  the  fuel  and  iron  are  sufficiently  heated,  the  blast  is  shut  off 
and  superheated  steam  is  admitted  to  the  bottom  of  the  iron  chambers 
in  which  it  forms  hydrogen  gas  and  iron  oxide.  At  the  same  time, 
crude  oil  is  injected  by  means  of  superheated  steam  into  the  centre 
of  the  fuel,  whereby  a  mixture  of  water  gas  and  the  products  of  the 
cracking  of  the  oil  is  obtained.  Another  jet  of  superheated  steam, 
admitted  below  the  oil  injectors,  causes  an  *'uprush"  of  water  gas 
which  carries  away  the  oil  gas,  thus  preventing  over-cracking,  and  at 
the  same  time  arrests  any  flow  of  the  oil  downwards  through  the  fuel. 
The  hydrogen,  oil  gas,  and  water  gas  mix  at  the  top  of  the  generator 
and  pass  away  to  coolers  and  purifiers.  When  the  temperature  falls 
below  that  necessary  for  the  rapid  production  of  gas,  and  the  propor- 
tion of  carbon  dioxide  rises,  the  valves  leading  to  the  gas  mains  are 
closed,  the  fuel  is  reheated,  and  the  iron  oxide  reduced  as  already 
described.  It  has  been  found  advisable  to  place  an  asbestos  cloth  over 
the  surface  of  the  iron  to  arrest  the  fine  dust  which  is  carried  over  from 
the  fuel,  and  it  is  further  found  that  if  the  temperature  be  allowed  to 
^Joum.  o/CfoB  Lighting,  &c.,  Ixi.  (1893),  871,  and  Ixii.  (189.3),  632. 
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become  too  high,  the  oxide  of  iron  fuses  and  thus  becomes  of  inferior 
power. 

The  apparatus  is  said  to  be  very  compact,  a  generator  for  producing 
250,000  cubic  feet  of  gas  daily,  only  occupying  a  space  of  18  feet  by 
7  feet,  and  having  a  height  of  10  feet.  The  initial  cost  is  also  stated 
to  be  low.  The  gas  can  be  made  of  about  the  same  specific  gravity  as 
ordinary  coal  gas.  According  to  the  experiments  of  Dr.  L.  T.  Thome, 
3*75  gallons  of  oil  is  required  for  the  production  of  1,000  cubic  feet  of 
20*7  candle  gas.  These  figures,  when  compared  with  those  given  by 
Messrs.  Paddon  and  Goulden  as  the  result  of  their  experiments  wim 
the  Lowe  gas  process,  show  a  saving  of  22*2  per  cent,  and  Professor 
Lewes  states  that  recent  results  indicate  an  economy  of  over  40  per 
cent. 

In  a  paper  recently  published  by  Dr.  Paul  Dvorkovitch  on  the 
*^  Gasification  of  coal  and  liquid  hydrocarbons"^  and  in  the  discussion 
which  followed  it,  the  question  as  to  the  relative  merits  of  processea 
in  which  by-products  of  value  are  produced  and  those  by  which 
illuminating  gas  only  is  obtained,  was  brought  forward.  Three  oils, 
were  experimented  upon — (A)  A  "solar  oil "  of  specific  gravity  0*8625,. 
flashing  at  53**  C,  and  yielding  on  distillation  10  per  cent,  of  distillate 
at  temperatures  up  to  200°  C,  20  per  cent,  between  200*  and  250°  C, 
30  per  cent,  between  250°  and  300°  0.,  and  7  per  cent,  between  300'' 
and  350°  C.  The  specific  gravity  of  the  mixed  distillates  was  0*8442, 
that  of  the  residue  being  0*8927.  (B)  A  "special  solar  oil"  having 
a  specific  gravity  of  0-8852  and  a  flashing  point  of  120°  0.  It  yielded 
no  distillate  up  to  350°  C.  (0)  A  "special  distillate^'  of  specific 
gravity  0*8991  and  flashing  point  115°  C,  which  yielded  2  per  cent, 
of  distillate  at  temperatures  up  to  200°  C,  7  per  cent,  between  200°  and 
250°  0.,  10  per  cent,  between  250°  and  300°  0.,  and  9  per  cent,  between 
300°  and  350°  C.  The  specific  gravity  of  the  mixed  distillates  wa» 
0-8607  and  that  of  the  residue  0  9097. 

These  oils  were  separately  gasified  in  an  apparatus  consisting  of  two* 
iron  pipes  arranged  horizontally  one  above  the  other  and  connected  at 
one  end.  The  other  end  of  the  uppermost  pipe  was  carried  up  vertically 
about  8  inches  and  fitted  with  a  funnel  and  stop-cock,  while  the  other 
end  of  the  lower  pipe  was  connected  with  a  condenser  and  gasholder. 
The  following  table  gives  the  results  of  the  experiments : — 


Tempera- 
ture of 
breaking 
up. 

Cubic 

feet  of 

Oasper 

ton. 

Candle 
Power. 

Candles 
gallon  of 

ou. 

Per  cent. 

of 
Sesiduals. 

Specific 

gravity 

of 

Besiduals. 

A.  «*  Solar  oil,"    . 

A.  »*  Solar  oil,"    . 

B.  **  Special  solar  oil," 

C.  "  Special  diBtUlate," 

•F. 
1,600 
1,300 
1,300 
1,300 

126*5 
71*4 
69*8 
69-0 

22*8 
46-6 
63*7 
60*3 

576 
665 
749 
832 

32-0 
37-5 
37*5 
38*0 

0*9834 
0*9266 
0-9464 
0  9670 

It  will  be  observed  that,  although  the  higher  temperature  produces 

'  Joum,  Soc,  Chem,  Ind,  1893,  xii.,  403. 
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an  enhaiiced  yield  of  gas,  the  illuminating  ])ower  and  the  total 
lUuminating  value  measured  in  candles  per  gallon  of  oil,  are  much 
reduced,  the  proportion  of  residuals  being  also  diminished.  A  still 
higher  temperature  further  increases  this  difference.  The  residuals 
from  the  "special  distillate''  (the  heaviest  oil  experimented  upon) 
were  much  superior  to  those  from  the  "solar  oil"  A,  even  when  the 
latter  oil  was  gasified  at  the  lower  temperature,  both  as  regards 
quantity  and  the  amount  of  benzene  present  That  from  the  latter 
oil  contained  a  large  proportion  of  light  spirit  other  than  benzene, 
but  the  residuals  &om  the  "special  distillate'*  consisted  mainly  of 
benzene  with  very  little  of  the  light  spirit.  At  the  present  price 
of  benzene,  this  would  be  a  matter  of  considerable  importance. 

Professor  Lewes,  however,  expressed  the  opinion,  when  discussing 
these  results,  that  the  demand  for  benzene  is  not  such  as  to  justify 
the  anticipation  that  the  present  price  could  be  maintained  if  such  a 
process  were  largely  carried  out,  and  that  it  is  preferable  to  obtain 
a  higher  yield  of  gas  at  the  expense  of  the  residuals. 

A  process,  known  as  the  hydro -oxy  oil  gas  process,  was  patented 
in  1890  by  Mr.  E.  Tatham,  and  has  since  been  tested  experimen- 
tally in  Salisbury  Square,  London,  as  well  as  at  the  Huddersfield 
Corporation  Gas  Works.  The  process  (which  has  for  its  object  the 
increase  of  the  illuminating  power  of  oil  gas  by  the  addition  of 
oxygen)  has  been  reported  upon  by  Dr.  Leonard  T.  Thome,  and 
has  been  described  in  the  Journal  of  Gas  Lighting^  <kc.i 

It  has  been  found  that  oil  gas  can  be  burned  in  the  ordinary  way 
with  facility  and  safety  after  admixture  with  30  per  cent,  of  oxygen — 
*.«.,  with  double  the  quantity  ever  employed  in  the  Tatham  process — 
and  that  the  richest  oil  gas  which  can  be  made  by  retorting  oil,  can 
be  burned  with  a  smokeless  flame  by  means  of  an  ordinary  union-jet 
burner,  after  admixture  with  from  15  to  20  per  cent,  of  oxygen.  If 
more  than  20  per  cent,  of  oxygen  be  used,  the  flame  is  found  to  be 
whiter  but  to  possess  a  lower  illuminating  power.  In  his  fourth 
Oantor  Lecture  at  the  Society  of  Arts,  December  12,  1892,  Professor 
Lewes  says — "  If  a  rich  oil  gas  be  taken  and  a  certain  percentage  of 
oxygen  be  added  to  it,  this  helps  the  combustion,  and  we  can  burn 
the  mixture  at  a  larger  burner  than  could  be  used  without  the  oxygen, 
and  in  this  way,  by  decreasing  the  cooling  influence  of  the  smaller 
burner,  we  get  an  increase  of  luminosity  which  will,  in  some  cases, 
amount  to  as  much  as  25  per  cent."  Shortly  afterwards,  Mr.  Herring 
reported  that  the  addition  of  5*09  per  cent,  of  hydro-oxy  oil  gas  to  a 
poor  coal  gas  of  12*56  candle-power,  increased  its  illuminating  power 
by  4*09  per  cent. 

It  is  proposed  to  store  the  hydro-oxy  oil  gas  and  add  it  to  the  coal 
gas,  as  required,  after  purification,  but  in  the  experimental  plant  at 
Huddersfield,  the  enriching  gas  was  passed  direct  into  the  foul  gas 
main.  The  oil-gas  plant  employed,  consists  of  a  bench  of  fifteen 
circular  iron  retorts  5  feet  6  inches  long  between  the  walls.  The 
retorts  are  arranged  in  4  tiers  nearly  horizontally,  but  with  a  slight 

1  March  25,  1890 ;  Ootober  3  and  10, 1893 ;  and  June  5,  1894, 1054  (Herring). 
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fia.ll  to  the  back.  The  twelve  upper  retorts  are  8  inches  in  diameter. 
The  lower  tier  consists  of  three  retorts  which  are  10  inches  in  dia- 
meter. These,  being  nearest  the  fire,  are  used  only  for  retorting 
tlie  residuum  from  the  other  twelve,  and  this  process  is  carried  on  to 
coking,  only  a  little  tar  being  obtained.  The  oil  is  run  into  the  retorts 
through  central  2-inch  pipes  inserted  through  the  lids  in  front  and 
extending  nearly  to  the  back.  The  supply  is  controlled  by  a  regulator, 
consisting  of  a  syphon  fitted  with  a  float,  and  is  thus  automatically 
stopped  in  case  the  retorts  happen  to  choke,  or  there  is,  from  any  other 
cause,  an  excess  of  back  pressure.  The  retorts  in  which  the  fresh  oil  is 
gasified,  are  maintained  at  a  dull  red  heat,  and  the  gas  is  taken  off  at 
a  *' canary"  colour,  but  the  residuum  is  decomposed  at  a  higher 
temperature. 

The  oxygen,  which  is  made  by  Valon's  modification  of  Brin's 
process,  is  introduced  into  the  oil-gas  main  while  the  gas  is  still  warm, 
the  proportion  of  15  per  cent,  being  maintained  by  drawing  it  through 
a  meter  driven  by  the  oil-gas  meter.  The  effect  of  the  addition  of  the 
oxygen  is  shown  by  the  following  account  of  a  six  days'  test  conducted 
by  Dr.  Thome  : — 4  tons  8  cwts.  of  "  solar  distillate,"  costing  £3,  5s. 
per  ton,  was  retorted,  and  the  85,000  cubic  feet  of  gas  obtained  was 
mixed  with  15,000  cubic  feet  of  oxygen,  the  hydro-oxy  gas  thus 
produced  being  mixed  with  1,300,000  cubic  feet  of  coal  gas  of  18  candle- 
power.  The  illuminating  value  of  the  mixture  was  24  candles,  which 
gives  an  enriching  value  for  the  hydro-oxy  gas  of  100  candles,  and  a, 
*'duty"  of  1,700  candles  per  gallon  of  oil.  Mr.  Herring  states  that 
the  cost  of  the  oxygen  amounts  to  upwards  of  14  per  cent,  of  the 
cost  of  enrichment,  but  that  the  difference  in  favour  of  the  hydro- 
oxy  oil  gas  over  ordinary  oil  gas  for  enrichment  purposes  amounts, 
according  to  his  results,  to  49  per  cent.  These  figures  indicate  a  high 
efficiency  for  the  Tatham  process,  although  the  amount  of  oxygen  used 
only  amounted  to  a  little  over  1  per  cent.;  but  Professor  Lewes,  in 
the  lecture  already  referred  to,  says — "If  we  now  take  this  oxy-oil 
gas  and  attempt  to  enrich  a  poor  coal  gas  by  mixing  the  two  together, 
we  at  once  find  that  the  mixture  has  a  lower  illuminating  value  than 
if  oil  gas  without  oxygen  had  been  used  for  enrichment."  It  is  stated 
that,  on  storage  over  water  in  small  gas-holders,  coal  gas  of  15*32 
candle-power  lost  2-38  candle-power  in  six  days,  coal  gas  enriched 
by  cannel  lost  4*50  candles,  and  coal  gas  enriched  by  the  addition 
of  5  per  cent,  of  hydro-oxy  gas  lost  only  1*51  candle.^ 

NATUBAIi   QAS. 

Although  natural  gas  is  used  to  a  considerable  extent  as  a  source  of 
light  in  the  United  States,  by  far  the  larger  proportion  is  employed  as 

^  Farther  information  on  the  production  and  use  of  oil  gas  will  be  foand  in  the 
following  publications  : — Journal  of  Oaa  Lighting ;  Robinson  (Cantor  Leotnres, 
1892);  Ay  res  (Proc.  Inst,  Oiv,  Engineers,  xoiii.,  298-36.3);  Donkin  (Gets,  OH^ 
and  Air  Engines) ;  Armstrong  (Joum,  80c,  Ghent,  Ind,,  13S4,  462,  and  Thorpe's 
Dictionary  0/ Applied  Ohemistry) ;  Lewes  (Cantor  Lectures,  1890).  The  water-gas 
plant  at  the  Belfast  sas  works  was  described  by  J.  Stelf ox  before  the  Incorporated 
Gas  Institute  in  1894. 
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fiiel.     It  was  estimated  that  in  1889,  in  addition  to  a  great  number  of 
factories,  no  less  than  500,000  domestic  heating  and  cooking  fires  were 
supplied  with  it.^    The  total  amount  of  natural  gas  used  in  the  United 
States  in  that  year  was  equivalent  to  a  quantity  of  coal  valued  at  over 
21  million  dollars. 


FETBOIiEUM  AS  FUEIi. 

Crude  petroleum  and  petroleum  residuum  are  used  to  a  very  large 
extent  as  fuel,  mainly,  of  course,  in  countries  where  solid  fuel  is 
comparatively  costly.  In  America,  the  crude  oil  produced  in  Ohio 
is  thus  employed,  while  in  Russia,  the  *'astatki"  or  residuum  obtained 
by  the  refiners  is  in  such  demand  for  use  as  fuel,  that  it  occupies  a 
most  important  position.  Other  heavy  oils,  such  as  blast-furnace  oil 
and  tar  oils,  are  similarly  employed,  but  these  do  not  come  within  the 
scope  of  this  work. 

Liquid  fuel  is  largely  applied  in  metallurgical  operations,  and  has 
replaced  coal  in  many  class  works  and  other  industrial  establishments. 
It  has  also  been  found  available  for  domestic  use,  but  the  principal 
application  is  for  steam  raising.^ 

TABLE  LXX.— Oil  Fuel. 


Sp.  Or. 

1 

Chemical  Compoaition. 

Heating  Power. 

i        i        ; 

Actual 

Calcn- 

Locality. 

Fuel. 

at(rc.            •                 ! 

1       TV         1 

Calori- 

Uted 

Carbon.'  Hydro- .  oxygen. 

metrlc 

(lb.  C. 

1     gen. 

(Ib.C. 

Heat 

Petroleum 

1 

Units). 

UniU). 

RuBsian, 

0-928 

87-1 

11-7 

1-2 

•  •  • 

11,018 

refuse. 

i»                •         • 

Astatki. 

0-9 

84-94 

13-96 

1-2 

10,340 

11,626 

Caacasian, 

Heavy  crude. 

0-938 

86-6 

12-3 

11 

10,800 

11,200 

,,  (Novorossisk), 

)» 

..  • 

84*9 

11-63 

1-458 

10,328 

•  •  • 

Pennsylvanian, 

>» 

0-886 '84-9 

13-7 

1-4 

•  •  • 

10,672 

American, 

...     '86-8W 

13107 

•  •  • 

10.912 

•  •  • 

»>             •        • 

Ketined. 

85-491 

14-216 

0-293 

11,045 

•  •  • 

»>             •        • 

Double 

80-583 

15I0I 

4-316 

11,086 

•  •  • 

refined. 

»»             •        • 

Crude  refined. 

•  •  • 

83-012 

13-889 

3-099 

11,094 

•  •  • 

t» 

Solid 
residuum. 

•  •• 

97-855 

0-489 

M96 

8,067 

•  •  • 

Scotch, 

Blast-furnace 
oil. 

0-920 

83-64 

10-59 

9-458 

10,328 

•  •  ■ 

^  Weeks,  Eleventh  Census  JReport,  621. 

'  The  use  of  liquid  fuel  has  bKcen  described  by  Ay  don  {Proc,  Inst.  Civ,  Engineers, 
1878,  lii.,  177) ;  Urquhart  {Proc.  Inat.  Mech.  Engineers,  1884,  1888,  and  1889) ; 
Mills  and  Kowan  {Fwl  and  its  Applications,  Churchill,  1889) ;  Veith  (Das  ErdiU, 
1892) ;  Robinson  {Joum.  8oc.  Arts,  April  29,  1891,  and  Cantor  Lectures,  1892) ; 
and  the  author  (Joum.  8oc,  Chem.  Ind.,  iv.,  70,  and  Cantof  Lectures,  1886). 
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A  tabular  statement  of  the  calorific  value  of  liquid  fuel  will  be  found 
in  the  section  dealing  with  the  chemical  and  physical  properties  of 
petroleum,  and  in  Table  LXX.,  extracted  from  Robinson's  Cantor 
Lectures,  additional  information  as  to  the  thermal  efficiency  of  various 
fuel  oils  is  given. 

Dr.  Sadler,  of  Middlesbrough,  finds  that  1  lb.  of  creosote  oil,  when 
used  as  fuel  in  a  steam  boiler,  converts  13  lbs.  of  water  into  steam  at 
50  lbs.  pressure,  the  water  being  supplied  at  212**  F.  Allowing  for 
the  steam  used  in  injecting  the  oil,  it  may  be  taken  that  1  lb.  of 
creosote  oil  will  evaporate  12*35  lbs.  of  water  under  the  conditions 
named.  Under  similar  conditions,  1  lb.  of  the  best  Durham  steam 
coal  evaporated  8  lbs.  of  water,  and  Dr.  Sadler  states  that  experience 
proves  1  ton  of  oil  to  be  economically  equal  to  2  tons  of  coal,  allowing 
for  the  saving  in  cost  of  stoking  and  other  incidental  expenses. 

The  highest  published  figures  for  the  calorific  value  of  liquid  fuel 
are  those  given  by  Admiral  Selwyn  and  Mr.  E.  N.  Henwood.  The 
former  stated  that  in  a  test  made  at  Messrs.  Griffith's  factory,  Victoria 
Park,  London,  a  Cornish  boiler,  having  a  firebrick  combustion  chamber 
built  inside  the  fine,  indicated  an  evaporative  power  of  as  much  as 
46  lbs.  of  water  per  pound  of  oil  consumed.  Mr.  Henwood,  in  tests 
made  with  the  boilers  of  the  S.S.  "Ryde"  of  120  tons  and  about 
100  H.P.,  found  an  efficiency  as  high  as  41  lbs.  of  water  evaporated 
per  pound  of  oil. 

Referring  to  these  and  other  results  in  which  a  thermal  efficiency 
exceeding  the  theoretical  value,  as  calculated  from  the  composition  of 
the  oil,  is  indicated,  Messrs.  Mills  and  Rowan  ^  make  the  following^ 
observations : — 

"  The  wide  variety  in,  or  the  intermittent  character  of,  the  results 
obtained  by  the  different  methods  of  using  liquid  fuel — and  even  by 
the  same  method  under  different  circumstances — is  due  to  imper- 
fections in  the  apparatus  used,  and  to  want  of  experience  in  the  best 
method  of  treating  the  fuel.  Admiral  Selwyn  explained  the  high 
evaporative  rates  obtained  by  him  by  assuming  that  the  hydrogen  of 
the  steam  used  in  his  injectors  is  burned;  and  Mr.  Henwood,  following 
in  his  steps,  has  claimed  for  his  apparatus  that  the  oil  and  steam  are 
so  proportioned  that  the  hydrogen  is  fully  utilised  in  the  same  way  in 
his  furnaces.  But,  inasmuch  as,  in  the  dissociation  of  the  hydrogen 
and  oxygen  composing  steam,  an  amount  of  heat  is  absorbed  and 
becomes  latent,  which  is  the  same  as  that  developed  when  the 
hydrogen  becomes  burnt,  and  again  combines  with  oxygen  to  form 
water,  it  is  very  improbable  that  this  view  affords  an  explanation  of 
the  results  obtained.  On  the  other  hand,  those  who  have  rejected 
Admiral  Selwyn's  view  have  not  given  proper  weight  to  several  con- 
siderations which  belong  to  this  subject. 

'*  The  estimates  made  of  the  calorific  value  of  liquid  fuels  from  their 
elementary  chemical  analysis,  are  usually  based  upon  the  amount  of 
carbon  contained  in  them  as  if  it  uoere  solid  carbon  and  to  he  burned 
as  sucL     It  is,  however,  beginning  to  be  understood  that,  even  in 

'  Fuel  and  %l»  applicathnf,  18S9. 
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estimating  tbe  calorific  valoe  of  coal,  some  alteration  is  required  in 
tiiis  rentpect,  because  part  of  die  carb-m  in  it  (probably  all )  does  not 
exist  a«  sach  in  the  solid  state.  In  liquid  fuels,  it  is  certain  that 
none  of  it  exists  in  that  state,  and  hence  weight  must  be  allowed  to 
the  argument  advanced  years  ago  by  Aydon.  Speaking  of  liquid  fueL 
he  said — '  Here  was  a  fael  naturallr  prepared  the  first  sta:7e  towards 
gasification,  as  to  effect  the  same  result  artificially,  6,000  or  more  heat 
units  would  hire  to  l>e  expended,  which  heat  would  become  latent 
And  so  be  lost  as  useful  work.  Now,  these  6,000  heat  units  added 
to  15,000  heat  units  derived  from  converting  or  burning  carbon  into 
<:arbonic  acid,  would  give  21,000  heat  units,  which  the  late  Professor 
Rankine  stated  to  be  the  amount  due  to  gaseous  carbon.'  Aydon 
then  applied  this  estimate  to  the  case  of  American  petroleum,  and 
to  the  creasote  or  dead  oil  which  he  had  used  at  Woolwich.  Taking 
petroleum  of  the  composition,  carbon  86,  hydrogen  14,  if  the  value  for 
j^^aseous  carbon  were  employed,  it  would  give  this  a  calorific  value 
of  26 '88 7  lbs.  of  water  per  pound  of  oiL  The  dead  oil  as  analysed  by 
Professor  Church  contained  : — 

Per  cent. 

Carli<«i, 86-48 

HydrogeD,       .......  7  "06 

OzygeD,  ke,, 6*46 

100-00 


"  Estimating  its  calorific  power  as  if  its  carbon  were  solid,  it  would 
give  17'50  lbs.  water  per  pound  of  oil,  whilst  on  the  basis  of  gaseous 
carbon,  it  would  give  22*18  lbs. 

''  In  addition  to  this  point,  that  the  physical  state  of  liquid  fuel 
represents  so  much  latent  heat,  we  have  to  remember  that  the  carbon 
which  it  contains  is  also  combined  with  hydrogen  in  hydrocarbons 
of  som«5  kind.  These  compounds  of  carbon  are  very  easily  dissociated 
by  h^at,  eHpecially  in  presence  of  steam  of  high  temperature,  and  the 
result  of  this  action  is  the  formation  of  gaseous  hydrocarbons  which 
have  a  high  calorific  power.  There  is  reason  to  believe  that  these 
reactions  are  accomplished  with  the  expenditure  of  a  moderate  amount 
of  'work'  in  the  8hai>e  of  heat.  The  temperature  at  which  steam  is 
dissociated  in  tJiA  presence  of  gaseous  carbon,  must  be  less  than  that 
which  is  required  with  steam  and  solid  carbon,  by  at  least  the  equi- 
valent of  the  quantity  of  heat  which  becomes  latent  in  gasifying  the 
carbon  in  order  that  it  may  unite  with  the  oxygen  of  the  steam  to 
complete  the  action  H^O  +  C  =  H2  +  CO.  When  the  steam  is  thus 
decomposed,  there  is  nascent  hydrogen  in  contact  with  carbon  in  the 
gaseous  form  in  some  of  the  heavier  hydrocarbons,  and  there  is  thus 
present  the  opportunity  for  the  formation  of  those  gaseous  hydro- 
carbons which  are  desired  and  which  ignite  at  a  higher  temperature. 
The  oxygen  of  the  decomposed  steam  may  either  unite  with  part  of 
the  carbon  to  form  carbonic  oxide,  or,  if  left  uncombined  in  the 
primary  reactions,  it  is  ready  to  support  combustion  subsequently, 
and  this  it  does,  as  is  well  known,  with  vigour. 
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"  For  the  p 


:arryii 


I  out  of  these  reactioBS  certain  coaditions 


e  sui^ble  temperature  for  the  varioQS  re&ctions  must 


efficient  time  to  enable  tbeiu  to  be  completed 
befora  the  application  of  tlie  heat  of  combuation  is  required  (that  is, 
before  heat,  is  abstracted  by  the  requirements  of  the  furnace).  There 
must  also  be  a  proper  relation  lietween  the  steam  and  oil,  whilst  the 
air  for  combustion  should  he  carried  to  another  point  in  the  furnace 
and  not  admitted  with  the  steam  and  oil.  In  fact,  full  consideration 
of  the  matter  points  to  some  method  of  primary  gasification  of  the  oil 
with  steam  before  combustion  with  air,  as  the  most  likely  to  yield 
the  highest  results  ia  constant  work," 

For  generating  steam  in  atatioaary  boilers,  Mr,  Ludwig  Nobel 
suggested  the  employment  of  a  very  simple  system,  the  burner  con- 
sisting of  a  aeries  of  shallow  troughs  arranged  in  auperiniposed  aeries 
at  the  door  of  the  furnace  in  such  a  manner  that  the  liquid  fuel 


Miuia. 


Fig.  296. 


supplied  to  the  t«p  receptacle  overflows  into  the  one  beneath  it,  and 
thus  travels  downwards  through  the  whole  series.  The  troughs  are 
separated  sufEciently  to  admit  of  the  entrance  of  a  current  of  air  which 
sweeps  over  the  surface  of  the  burning  oil  and  carries  the  flames  into 
the  furnace.  It  has  been  found  that  1  lb.  of  aatatki,  when,  thus  burned, 
evaporated  14*6  lbs.  of  water  in  a  steam  boiler,  white  it  only  evaporated 
12  lbs.  when  consumed  in  a  spray  burner,  and  that  coal  evaporated 
only  7  to  8  lbs.  of  water  per  pound  of  fuel,  in  the  same  boiler. 

It  is,  however,  more  common  and  convenient  to  burn  the  oil  by 
means  of  an  injector,  the  oil  being  thus  driven  by  a  jet  of  steam,  or  in 
some  cases,  of  compressed  air,  into  the  combustion  chamber  in  the 
form  of  spray,  together  with  the  amount  of  air  necessary  for  its  com- 
bustion. Such  a  system  was  patented  as  early  as  1865-7  by  Aydon, 
Wise,  and  Field.  In  1868,  Donald  of  Qlosgow  patented  a  aimilftr 
arrangemeat. 
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Fiffs.  396  to  298  represent  the  method  of  burning  liquid  fuel  invented 
by  Mr.  James  Holden,  and  employed  on  certain  locomotives  on  the 
Oreat  Elastem  Bailway,  on  the  Tralee  and  Dingle  Bailway  in  Ireland, 
and  on  tbe  steam  ferry  boat,  Middlesex,  on  the  Thames.  The  injector 
(Fig.  296)  is  so  constructed  that  the  oil  enters  at  the  top  and  flows  down 


to  an  annular  passage,  A  B.  Tbe  main  steam  nupply  enters  at  C  1) 
and  pafises  to  the  nozzle  through  the  annular  space  between  the  central 
air-tuhea.nd  the  passage  extending  from  the  oil  sjtnce,  AB,  to  the  nozzle. 
The  «teani  thus  draws  in  the  oil,  together  with  the  necessary  amount 
of  air,  and  breaks  up  the  oil  into  a  spray.     The  oil  is  further  atomised 
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by  an  independent  steam  supply  passing  through  a  hollow  ring  which 
is  pierced  with  holes  in  such  a  manner  that  the  issuing  jets  of  steam 
converge  towards  the  nozzle  and  strike  across  the  current  of  partly 
sprayed  oil.     This  auxiliary  steam  supply  also  serves  the  important 


00 
Ob 


purpose  of  breaking  up  the  main  jet,  so  that  the  flame  has  more  of  a 
flat  lambent  nature  than  of  a  blowpipe  character.  Superheated  steam 
is  used  in  all  cases.  In  a  more  recent  modification,  fitted  to  some 
locomotives,  the  main  steam  jet  is  so  arranged  as  to  form  an  air- 
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injector,  and  the  air-tube  is  connected  by  a  flexible  hose  with  the 
vacuum  brake. 

The  oil  flows  from  a  tank,  F  (Figs.  297  and  298),  through  a  pipe, 
D'"D',  into  the  injector,  B,  and  the  steam  is  supplied  at  A.  A  steam 
coil  is  employed  to  keep  the  oil  fluid  in  cold  weather.  The  jet  plays 
upon  an  inclined  firebrick  bridge,  and  the  bars  of  the  grate  are 
covered  with  a  thin  layer  of  coal  and  cinders  mixed  with  lime.     As 


ZJ) 


Fig.  299. 


Fig.  300. 
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Fig.  301. 
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Fig.  .302. 


the  coal  slowly  burns  away,  it  is  renewed,  so  that  incandescence  is 
always  maintained  to  ensure  complete  volatilisation  and  combustion 
of  the  oil. 

Dr.  Engler  has  described^  a  number  of  fuel  burners  used  in  Russia 
for  steam  raising  and  other  purposes.     Figs.  299  to  302  illustrate  a 


Fig.  303. 


common  form  in  which  the  astatki  enters  at  N,  the  size  and  shape  of 
the  flame  depending  upon  the  shape  of  the  mouthpiece,  D,  of  the  steam 
pipe. 

In  the  Brandt  burner  (Fig.  303),  which  is  largely  used,  the  astatki 
enters  at  N,  and  the  steam  at  D.    They  meet  between  the  parts /and  t, 

^  Dmgler'a  poiyieeh.  Joum,,  cdx.,  1886,  4S4. 
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and  a  flame  is  produced  at  «.  The  regulation  is  effected  bv  adjusting 
a  cone,  /.  Figs.  301  and  306  shoiv  the  application  of  the  burner  to  a 
Cornish  boiler,  R  being  the  tank  for  holding  the  astatki,  and  D  the 
steam  pipe.  Air  is  admitted  to  the  furnace  through  orifices  in  the 
door,  (. 


Pig.  309. 


The  Lenz  burnt^r  (Figs.  306  to  308)  consists  of  a  double  tube,  a  a,, 
connected  with  the  oil  pipe,  N,  and  steam  pipe,  B.  The  mixing 
chamber,  g,  is  closed  by  screw  covers,  A.  The  eccentric  terminals  of 
the  rods,  o,  act  on  slides,  e,  and  thus  regulate  the  supply  of  steam  and 
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astatki.     The  mouthpiece,  a,  is  a  horizontal  slit  extending  about  half 
way  round  the  chamber,  g. 

The  Saudgreen  burner  (Fig.  309)  is  used  at  the  works  of  Nobel 
Brothers.  N  and  D  are  the  oil  and  steam  pipes.  The  mouth,  ky  of 
the  oil  chamber,  A,  is  adjustable  by  links,  ht^  the  mouth,  A;,,  of  the 
steam  chamber,  B,  being  fixed.  The  oil  chamber  may  be  cleaned  out 
with  steam,  on  removing  the  cone,  m.  For  locomotive  and  multi- 
tubular boilers,  a  flame  of  larger  surface  is  required.  An  improved 
Lenz  burner  for  this  purpose  is  represented  in  Figs.  310  to  313,  the 
difference  between  this  and  the  ordinary  Lenz  burner  being  that  here 
the  mouth,  «,  extends  all  round  the  chamber,  ^,  except  where  the 
latter  joins  the  supply  pipes.  The  valves,  e  and  c^,  are  cylindrical  in 
form  and  work  as  shown  in  Fig.  312.  Fig.  313  is  a  vertical  section  at 
the  supply  pipes,  D  and  N,  showing  the  valve,  h,  for  admitting  steam 
for  cleansing  the  oil  chamber. 

Brandt's  locomotive  burner  (Figs.  314  and  315)  has  a  circular 
chamber  divided  by  a  horizontal  disc,  a.  Steam  is  introduced  at  D, 
and  the  astatki  at  N,  the  flow  of  the  latter  being  regulated  by 
turning  a  disc,  0,  which  opens  or  closes  apertures,  i.  The  mouth  of 
the  burner  is  shown  at/.  The  same  burner  is  represented  in  Fig,  316 
fixed  in  the  fire-box  of  a  locomotive. 

Figs.  317  to  320  exhibit  the  construction  of  the  appliances  adopted 
by  Urquhart  for  burning  astatki  on  the  locomotives  on  the  Grazi- 
Tsaritzin  Railway  in  South-East  Russia.  The  figures  show  the 
radiating  chamber  of  firebrick  employed  for  heating  the  boiler,  and 
the  means  adopted  for  heating  the  air  supply  which  is  drawn  in  by 
the  exhaust  blast  of  the  engine.  A  sight  hole,  H,  is  made  in  the  fire 
door,  and  a  pointer,  D,  is  arranged  on  the  screw  which  regulates  the 
oil-supply  cock.  A  pipe,  S,  supplies  steam  to  a  coil  in  cold  weather, 
in  order  to  prevent  solidification  of  the  oil  fuel.  The  oil-supply  pipe 
is  shown  at  P. 

Mr.  Urquhart  states  that  "with  a  locomotive  in  first-class  order 
and  in  the  hands  of  a  skilful  driver,  50  tons  of  petroleum  refuse  is 
equal  to  100  tons  of  first-class  coal."  He  estimates  the  calorific  power 
of  petroleum  refuse  at  19,832  British  thermal  units. 

The  Liquid  Fuel  Fngineering  Company,  of  East  Oowes,  have  directed 
their  attention  to  the  construction  of  water-tube  boilers  for  use  with 
liquid  fuel  in  steam  launches.  The  burner  employed  with  the  water- 
tube  boilers  manufactured  by  this  company,  consists  of  a  generator  in 
which  the  oil  is  vaporised,  and  the  burner  proper.  The  latter  is  a 
double  cone-shaped  apparatus  fitted  with  an  automatic  regulator. 
The  vapour  escapes  under  a  slight  pressure,  and  takes  with  it  the 
proper  amount  of  air  to  ensure  perfect  combustion.  The  oil  is  forced 
to  the  generator  by  means  of  an  air  pump  on  the  engine.  In  starting 
the  burner,  the  generator  is  first  warmed  by  burning  methylated 
spirit  beneath  it. 

The  author  has  on  many  occasions  pointed  out  the  advantages 
presented  by  the  use  of  liquid  fuel.  On  shipboard,  these  are  especially 
marked.     Not  only  can  a  supply  of  liquid  fuel  be  taken  on  board  far 
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more  easily,  more  quickly,  and  at  lets  coat  than  a  supply  of  solid  final, 
and  in  the  case  of  a  paaaenger  steamer  without  occasioning  the  dis- 
comfort   attendant     upon 

"coaling,"  but  it  occupies,  ^eamtoftve.      CamiiLttUn>     Chamitrt. 

for  an  equal  value  in  steam 
raising,  less  than  half  the 
apace;  the  vessel  can, 
therefore,  either  make  a 
far  longer  voyage  without 
the  necessity  arising  for 
replenishing  the  bunkers, 
or  a  certain  amount  of 
space,  which,  if  coal  were 
used,  would  be  occupied 
by  the  fuel,  can  be  devoted 
to  cargo.  The  labour  of 
stoking  and  coal  trimming, 
which  is  most  exhausting  in  a  tropical  climate,  is  completelv 
done  away  with,  and  there  are  no  aahes  and  clinkers  to  be  removed. 
The  combustion  is  smokeless,  a  point  of  no  small  importance  in 
the  belligerent  marine,  no  soot  or  dust  is  deposited  in  the  boiler 
tubes,  the  fire  can  be  instantly  extinguished,  or  as  quickly  re- 
lighted, and  is  under  complete  control,  waste  of  steam  at  the  safety 
valve,  on  tlie  one  hand,  or  a  sliort  supply,  on  the  other,  being  easily 
avoided.  If  thii  flame  should  be  extinguished  in  stormy  weather, 
there   v^   no  delay   in    kindling   it  again,  and  the  risk  of  scalding 


Fig.  319. 


Fig.  320. 
is  diminished.  The  oil  may  be  carried  in  bunkers  where  coal  could 
not  be  put,  and  these  may  be  filled  with  water  as  the  oil  is  used,  so 
that  the  trim  of  the  vessel  need  not  he  altered  during  the  voyage,  and, 
if  suitable  oil  is  used,  there  is  no  danger  of  explosion  or  fire,  such  as 
attaches  to  the  carriage  of  coal.  The  chief  practical  difficulty  hitherto 
encountered  in  the  use  of  liquid  fuel  on  shipboard  is  the  provision  of 
the  necessary  supply  of  steam  for  atomising  the  oil.  The  steam  used 
in  the  engines  is  of  course  condensed  and  the  water  returned  to  the 
boilers,  but  in  respect  to  that  which  is  employed  for  spraying  the 
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oil,  an  equivalent  amount  of  fresh  water  must  be  replaced  in  the 
boilerSy  and  to  obtain  this,  it  is  usuallj  necessary  to  have  an  inde- 
pendent distilling  apparatus. 

It  will  be  apparent  that  manj  of  the  advantages  which  have  been 
pointed  out,  attach  to  the  substitution  of  liquid  fuel  for  coal  on 
locomotives  and  in  stationary  boilers.  At  electric  generating  stations 
in  large  cities,  where  the  delivery  and  storage  of  coal  and  the  removal 
of  ashes  are  not  easy,  and  where  in  consequence  of  fog,  there  may  be  a 
sudden  and  unexpected  demand  for  steam,  it  would  appear  to  be  ex- 
ceptionally desirable  to  employ  liquid  fuel,  and  there  can  be  bat  little 
doubt  that,  as  adequate  supplies  of  suitable  oil  become  available  for 
the  purpose,  this  description  of  heating  agent  will  be  more  largely 
employed. 

Oil  fuel  is  also  largely  used  in  furnace  work.  In  a  method  patented 
in  1883  (No.  1,157)  by  Mr.  J.  Riley,  for  application  to  regenerative 
furnaces,  the  oil  is  supplied  from  a  timk  through  a  stopcock,  to  a  series 
of  nozzles  which  are  automatically  turned  to  project  the  oil  into  either 
side  of  the  furnace  according  to  which  of  the  regenerators  is  in  action. 
A  method  of  burning  oil  in  open  trays  for  furnaces  in  which  iron  and 
steel  are  melted  in  an  open  hearth  or  in  crucibles,  has  been  introduced 
by  Nordenfelt^ 

In  the  "Eames"  process,  introduced  for  the  purpose  of  melting  down 
scrap  iron  and  rolling  the  product  iuto  boiler  plates,  the  oil  runs  down- 
wards over  a  series  of  shelves  projecting  alternately  from  opposite  sides 
of  a  cast-iron  generator,  and  in  passing  from  shelf  to  shelf,  is  gasified 
by  a  slow  current  of  highly  superheated  steam.  The  mixture  of  vapour 
and  steam  passes  into  a  *'  mixing-chamber,"  occupying  the  position  of 
the  former  fire-space,  where  it  meets  the  air  blast,  and  is  driven 
through  an  opening  in  the  furnace  bridge-wall  and  over  the  furnace 
bed. 

PETBOLEUM   ENGINES. 

As  already  pointed  out  at  the  beginning  of  this  section,  petroleum 
products  are  employed  as  a  source  of  power  in  motors  of  the  gas- 
engine  type,  and  in  one  form  of  motor,  petroleum  spirit  is  used 
similarly  to  steam.  The  use  of  oil  gas  and  of  air  gas,  instead  of  coal 
gas,  in  ordinary  gas  engines,  has  also  been  referred  to. 

With  the  earlier  forms  of  petroleum  engines,  it  was  necessary  to 
employ  mineral  spirit,  but  with  the  modern  types,  ordinary  kerosene, 
and  oils  of  even  higher  boiling  points,  may  be  used. 

Oil  engines  have  been  divided  into  three  classes  on  the  basis  of 
differences  in  the  methods  of  treatment  of  the  oil  in  preparing  the 
charge.  In  the  fi/rst^  of  which  an  example  is  found  in  the  Priestman 
oil  engine,  the  oil  is  sprayed  and  converted  into  va|)our,  which  is  mixed 
with  the  proper  proportion  of  air,  in  the  cylinder,  where  it  is  com- 
pressed and  fired,  the  action  being  similar  to  that  of  the  Otto  gas 
engine.     In  the  second,  exemplified  in  the  Hornsby-Akroyd  engine, 

1  Patent  No.  11,543,  1884. 
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the  oil  is  injected  into  a  hot  "cartridge"  at  the  end  of  the  cylinder, 
where  it  ia  vaporised  anil  mixed  with  air  compressed  into  this  hot 
combustion  chamber.  In  the  third  class,  there  is  a  vaporiser  or  gas 
generator  in  which  a  small  quantity  of  oil  is  converted  into  oil  gas 
and  vapour.  The  gas  and  vapour  are  drawn  into  the  cyliader  and 
mixed  with  air,  the  mixture  being  then  compressed  and  exploded. 
This  type  of  engine  includes  the  Trusty,  Crossley,  and  Capitaine 
engines. 

The  following  description  of  typical  oil  engines  ia  mainly  derived 
from  the  work  of  Mr.  Bryan  Donkin' : — 

The  employment  of  petroleum  spirit  in  engines  was  proposed  80on 
after  tlie  introduction  of  the  gas  engine,  and  la  1873,  the  Hock  engine 
for  uae  with  benzoline  was  patented  in  Vienna  Tlie  ignition  of  the 
charge  was  affected  in  the  following  manner  — A  small  air  pump, 
driven  from  the  crank  shaft,  forced  a  current  of  air  at  each  stroke  into 
a  small  receiver  filled  with  benzoline.  The  air  became  charged  with 
henzoline,  and  a  stream  was  directed  through  a  nozzle  against  a  per- 
manent burner,  placed  close  to  an  opening  at  the  back  of  the  cylinder. 
The  benzoline  ignited  at  the  flame,  a  flap  cohering  the  admission 
valve  was  lifted  by  the  suction  of  the  in  stroke,  the  flame  drawn 
in,  and  the  mixture  in  the  cylinder  ignited  The  permanent  burner 
was  fed  with  petroleum  spirit  from  the  same  receiver  The  mixture 
in  the  cylinder  was  produced  after  the  motor  piston  passed  the  inner 
dead-point,  by  the 
simultaneous       ad-  -  ,  Q 

mission  of  benzoline  ^  ;      , ,j.^,t. 

and  of  air  which 
atomised  it.  The 
whole  cycle  of  oper- 
ations occurred  dur- 
ing a  single  forward 
and  return  stroke, 
the  latter  discharg- 
ing the  products  of 
combustion. 

The  Brayton  en- 
gine, patented  in  the 
United  States  in 
1872,  was  the  first 
in  which  ordinary 
kerosene  was  em- 
ployed, and  was 
known  as  the 
"Ready -motor."  It  was  the  first  in  which  the  principle  of  com- 
bustion at  constant  prtsavre  was  adopted,  and  was  also  the  first 
in  which  the  oil  was  sprayed.  In  this  engine,  air  and  petroleum  are 
both  admitted  at  high  pressure  at  F  and  E  (Fig.  321)  into  a  car- 
burettor placed  at  the  top  of  the  motor  cylinder  and  filled  with  felt, 
1  Oai,  Oil,  and  Air  Engiwi,  ISM. 


Fig.  321. 
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apouge  or  other  porous  materia].  The  air  entering  at  F  serves  only 
to  atomise  the  petroleum,  the  main  air  supply  being  drawn  in  at  O 
and  tbroagh  a  valve,  S.  After  passing  through  the  carburettor,  the 
air,  whiuh  is  then  saturated  with  vapour,  enters  a.  chamber,  C,  which 
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is  constantly  filled  with  fiame,  aad  is  there  ignited,  the  explosive 
oombustion  driving  out  the  piston.  The  csrbarettor  is  separated 
from  the  chamber,  0,  hj  perforated  metal  plates  which  prevent  the 
psssage  of  flame.  Ignition  is  effected  in  starting  the  engine,  by 
inserting  a  match  at  G.  After  one-third  of  the  piston  stroke,  the 
valve,  S,  closes,  and  the  charge  expands  during  the  remainder  of  the 
stroke.     The  products  of  combustion  are  expelled  during  the  return 

Mr.  Donkin  gives  the  following  as  the  requirements  which  an  oil 
engine  should  meet: — "It  should  be— {I)  self-contained  and  quite 
independent,  having  everything  requisite  for  its  efficient  working  for 
a  certain  lesgth  of  time.  (2)  Safe  and  simple,  using  as  the  working 
^^nt  a  combustible  which  is  neither  difficult  to  procure  nor  dangerous 
to  transport.  (3)  E^sy  to  handle,  so  that  any  ordinary  unskilled 
workman  can  drive  it.  This  is  advisable,  because  these  engines  are 
frequently  placed  in  the  hands  of  labourers  without  any  knowledge  of 
Wisi'r 


machinery.  (4)  Compact  and  easily  transported  from  place  to  place. 
(5)  Economical  in  working."  Preference  is  now  generally  given  to 
thoso  engines  in  which  ordinary  kerosene  is  employed,  and  the  "cycle" 
(i.e.,  the  relation  between  the  explosion,  the  piston 'Stroke,  and  the 
discharge  of  the  combustion  products)  enunciated  in  the  1862  patent 
of  Beau  d<;  Rochas  has  been  almost  universally  adopted.  In  this,  one 
explosion  occurs  for  each  two  revolutions  of  the  crank  shaft.  The 
first  forward  stroke  of  the  |>istiOn  draws  in  the  chaise ;  and  the  return 
stroke  compresses  it.  During  the  next  forward  stroke,  the  explosion 
actuates  the  piston,  and  on  the  return  stroke,  the  combustion  products 
are  discharged.  The  Friestman,  Homsby-Akroyd,  and  Trusty  engines 
may  be  taken  as  typical  of  the  principal  forms  of  oil  motors  in  use, 
and  will  now  be  described. 

The  PrieatmMi  engine  (Figs.  322  and  323),  which  was  brought  out 
in  1888  and  is  now  very  largely  used,  is  generally  worked  with 
kerosene,  but  oils  of  lower  volatility  may  be  employed.  Ordinary 
lift  valves  are  used  in  this  and  most  other  oil  engines,  as  they  are 
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much  less  liable  to  become  clogged.  The  oil  tank,  vhich  is  fitted 
with  «  hand-pump,  h,  for  nse  in  starting  the  engine,  contatas  sufficient 
oU  to  last  for  two  ur  three  days.  FigB.  324  and  325  are  enlarged  views 
of  the  spray-maker  and  vaporiser. 

A  small  air-pump,  J,  worked  \>y  the  eccentric,  k,  which  also  cod- 
trola  the  exhaust  valve,  draws  in  air  through  a  cotton-wool  filter 
and  compresses  it  into  the  oil  tank,  at  a  pressure  of  from  S  to 
16  lbs.  above  the  atmospheric  pressure.  Streams  of  oil  and  air  are 
thus  driven  into  the  spray-producer,  S  (Fig.  32^,  through  two  con- 
centric nozzles.  The  nozzles  are  peculiarly  shaped,  so  that  the  oil  is 
forced  in  very  fine  spray  into  the  vaporiser,  the  amount  of  the  charge 
thus  entering,  being  adjusted  by  the  governor  to  the  s{>eed  at  which 
the  engine  is  working.  As  the  spray  enters  the  vaporiser,  the 
in-stroke  of  the  motor  piston  draws  in  air  through  a  non-return 
valve,  G,  sad  a  throttle  valve,  F  (Fig.  324).  The  air  enters  the 
vaporiser   through  a  number    of    small    holes,  d,  breaking    up  and 


Fig.  .124.  Fig.  325. 

mixing  with  the  spray  which  it  sweeps  forward  into  the  cylinder. 
The  vaporiser  consists  of  a  front  portion  in  which  admixture  occurs 
na  described,  and  a  back  portion  in  which  the  oil  in  the  charge  is 
volatilised  by  the  heat  of  the  exhaust  gases  (the  products  of  combustion 
of  the  previous  charge)  which  are  led  through  a  pipe,  H  (Fig.  323), 
iiround  the  vaporising  chamber.  This  heating  is  essential,  as  the  oil 
would  otherwise  partially  separate  from  the  spray  before  reachiog  the 
cylinder. 

The  ignition  of  the  charge  in  the  cylinder  is  effected  as  follows  : — 
A  battery  on  the  base  plate  of  the  engine  is  connected  with  jilatinum 
wires,  i  (Fig.  323),  in  the  compression  space  of  the  motor  cylinder, 
and  the  ?park  passes  when  contact  is  established  by  a  projection  on 
the  rod  of  the  eccentric,  k  (Fig.  322). 

The  engine  works  on  the  four-cycle  principle  already  referred  to. 
Tlie  first  out-Btroke  draws  in  the  charge;  tlie  return  stroke  compresses 
it  into  the  space,  C,  at  the  back  of  the  cylinder;  when  the  piston 
roaches  the  inner  dead  imint,  the  spark  fires  the  charge  and  the  piston 
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la  propelle<].  On  the  return  stroke,  the  combustion  products  pass 
through  the  valve,  e,  whicli  is  opened  bj  the  eccentric,  and  after 
passing  round  the  vaporiser,  escape  into  the  atmosphere.     The  working 
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id  controlled  by  a  governor,  the  entrance  of  oil  being  thus  reg^ated 
\ty  means  of  the  spindle,  S  (Fig.  324),  which  has  a  V-shaped  opening 
at  /,  and  the  supplj  of  air  being  adjusted  by  the  use  of  a  throttle,  F. 
As  a  portion  of  the  oil  is  always  condensed  upon  the  cylinder,  no 
other  lubrication  of  the  piston  is  required. 

The  working  cylinder  is  surrounded  by  a  water  jacket  as  in  gas 
engines,  to  prevent  the  accumulation  of  heat.  The  loss  of  power  arising 
from  this  cooling,  was  estimated  by  Professor  Unwin,  in  the  case  of  a 
6  H.P.  engine,  at  47 '54  per  cent.,  and  the  loss  from  the  heat  remain- 
ing in  the  exhaust  gases,  at  26*72  per  cent.,  the  total  heat  utilised 
1/eiug  16*12  per  cent. 

In  the  Homsby-Akroyd  oil  engine  (Fig.  326),  the  explosion  is 
4*rtected  by  injecting  the  oil  into  a  red-not  chamber  ("cartridge**) 
C,  into  which  heated  air  is  forced  by  the  piston.  The  mixture  ignites 
spontaneously  as  the  piston  reaches  the  inner  dead-point,  and  the 
return  stroke  is  thus  produced.  The  engine  works  on  the  four-cycle 
system  employed  in  the  *^  Priestman."  The  cartridge,  C,  is  kept  at 
a  uniform  temperature  by  an  air  jacket,  and  is  heated  at  starting  by 
means  of  a  lamp,  L,  fed  with  oil  from  the  tank  which  supplies  the 
engine.  A  fan,  F,  worked  by  hand,  supplies  air  to  the  lamp,  and  the 
oil  burns  from  a  small  piece  of  asbestos  or  other  absorbent  material, 
inserted  at  P.  After  the  chamber,  C,  is  heated,  tlie  working  of  the 
engine  sufhces  to  maintain  its  temperature. 

The  air  and  exhaust  valves,  cd,  are  controlled  from  a  shaft  driven 
at  half-speed  by  the  crank  shaft.  They  communicate  with  the 
cylinder  tli rough  the  same  opening,  so  that  the  heat  of  the  exhaust 
warms  tlie  fresh  air  as  it  enters.  This  air  is  driven  by  the  piston  into 
the  cartridge  and  there  mixes  with  the  vapour  of  a  very  small  quantity 
of  oil  which  is  injected  through  a  nozzle,  but  without  being  sprayed, 
by  a  pump,  O.  When  the  inner  dead  point  of  the  piston  is  reached, 
the  explosion  occurs  and  the  gases  travel  through  a  small  passage,  », 
into  the  compression-space,  B,  of  the  cylinder.  The  governor,  G, 
controls  a  small  valve  through  which  the  oil  enters  the  cartridge,  (', 
and  a  bye-pass  valve  which  allows  the  oil  to  return  to  the  tank  when 
not  utilised.  A  water-jacket  round  the  valve  box  keeps  the  oil  cool 
until  it  reaches  the  cartridge. 

With  this  engine,  oil  of  specific  gravity  0*850  and  flashing  point    ' 
150*  F.  is  stated  to  be  generally  used.     Only  about  0*015  of  a  cubic 
inch  of  oil  is  injected  at  each  stroke  of  the  pump,  O,  in  the  case  of 
a  6  horse-power  engine. 

In  the  Trusty  oil  engine  (Fig.  327)  of  Messrs  Wyman  and 
Hitchcock,  which  is  also  of  the  four-cycle  type,  the  oil  is  drawn 
through  a  pipe,  /?,  from  a  tank  below  the  engine,  by  a  pump,  P,  and  is 
forced  through  a  pipe,  p^,  into  a  receiver,  C.  From  this,  it  passes  drop 
by  drop  into  the  cylinder  jacket  or  v:i|)oriser,  Y,  through  a  glass 
tube  and  a  valve,  II.  The  jacket  is  sufficiently  hot  to  volatilise  the 
oil,  and  the  vapour  is  drawn,  together  with  air  admitted  by  a  valve,  S\ 
into  the  compression  end  of  the  cylinder.  On  the  return  stroke  of 
the  piston,  a  ix)rtion  of  the  mixture  passes  into  an  igniting  tube,  I, 
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and  the  chaii^e  is 
by  a  lamp,  J. 

The  oil-pump  roil,  Q,  in  actuated 
trolled  by  n  pendulum  governor,  ti. 
the  piiinp  is  not  worked  if  the 
speed  become  excessive.  The 
lever  also  acts  upon  the  valVe, 
H,  the  oil  supply  being  thUB 
doubly-controlled.  The  air  and 
exhaust  valves,  S  8',  are  ad- 
justed by  screws,  O  0^,  and  are 
coatroUed  tlirough  levers,  L  L', 
from  a  shaft  driven  at  half- 
speed  from  the  crank  shaft. 
The  exhaust  outlet  is  at  E. 

In  this  engine,  Broxburn 
lighthouse  oil  of  a|>pcific  gravity 
0-31  and  Hashing  point  150°  F. 
is  generally  used.  The  engine 
runs  at  high  speeds  and  gives 
a  good  heat  efficiency. 

Considerable  attention  has  re- 
cently been  directed  in  P:-ance, 
to  the  use  of  petroleum  motors  ^'^' 
for  the  propulsion  of  road 
carriages,  and  a  practical  de- 
monstration of  the  perfection 
to  which  the  construction  of 
such  vehicles  has  been  brought 
in  that  country  has  beenafibrded 
by  the  results  of  a  race  from 
Paris  to  Bordeaux.  In  this 
contest  the  first  prize  was  for 
a  four -seated  vehicle,  and  it 
.  by   MM.  Les  fila  de 


ploded.    The  tuba,  I,  is  maint^ned  at  a  red  heat 

ay  a  hit-and-miss  device,  M,  con- 
A  lever,  D,  is  interposed  so  that 


Fig.  327. 


Peugeot  Frferes,  of  Valenligney  (Doubs),  whose  carriage  travelled  at 
-.in  average  speed  of  13  miles  an  hour,  and  covered  the  distance  from 
Paris  to  Bordeaux  and  ba«k  under  sixty  hours.  A  still  shorter  time 
was  occupied  by  the  two-seated  vehicle  of  MM.  Fanhard  and  Lovassor, 
of  Paris,  to  whom  the  second  prize  was  awarded. 

The  Daimler  petroleum  engine,  made  by  Panhard  and  Levassor,  is 
employed  by  both  the  firms  named.  It  is  drivan  by  the  explosion  in 
the  cylinder  of  a  mixture  of  air  with  the  vapour  of  ordinary  petroleum 
spirit  (benzoline)  of  specific  gravity  0700  to  0-705,  and  it  is  claimed 
that  it  is  distinguished  from  other  motors  of  the  same  type  by  the 
employment  of  a  more  powerful  gaseous  mixture,  and  by  the  high 
speed  at  which  it  runs.  Tlie  petroleum  spirit  is  contained  in  a 
carburettor  fixed  at  the  side  of  the  cylinder,  and  the  ignition  of  the 
charge  is  ellestcd   by  the  compression  of  a  portion  of  the  gaseous 
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mixture  into  a  capsule  heated  to  redness  by  a  flame  applied  to  the 
exterior.  The  motor  is  made  in  various  sizes,  from  J  to  10  horse- 
power, and  may  have  one,  two,  or  four  cylinders. 

The  carriages  of  Les  fils  de  Peugeot  Fr^res  are  built  of  steel  tubing, 
and  are  fitted  with  india-rubber- tired  wheels,  similar  to  those  employed 
for  bicycles.  A  Daimler  motor  of  the  two-cylinder  type  is  used.  The 
motor  of  the  two-seated  vehicle  is  from  li  to  2i  hoi*se-power,  and  of 
the  four-seated  from  2J  to  3J  horse-power.  The  weight  of  the  smaller 
carriages  empty  is  about  400  kilos.,  and  of  the  larger  about  600  kilos. 
The  speed,  when  loaded,  allowing  an  average  weight  of  75  kilos,  for 
each  person  carried,  is  from  4  to  5  kilometres  per  hour  up  inclines  of  8  to 
10  per  cent.,  and  from  15  to  18  kilometres  on  the  level,  assuming  that  the 
roads  are  well  made  and  in  good  condition.  The  cost  of  the  petroleum 
spirit  consumed  per  kilometre  traversed,  is  reckoned  at  4  to  5  centimes, 
and  the  cost  of  maintenance  at  about  4  centimes,  the  latter  including 
the  expense  of  renewal  of  the  india-rubber  tires,  which  are  considered 
to  last  for  8,000  kilometres.  The  cost  of  a  carriage  to  hold  four  is 
5,600  francs. 

The  carriages  of  Panhard  and  Levassor  are,  unless  otherwise  ordered, 
fitted  with  iron-tired  wooden  wheels,  and  a  four-seated  vehicle  is 
supplied  for  5,000  francs.  The  petroleum  spirit  reservoir  is  stated  to 
contain  a  supply  sufficient  for  a  journey  of  80  kilometres.  The  quantity 
of  water  carried  for  the  cooling  of  the  motor  cylinders  is  35  litres,  and 
this  should  be  renewed  every  50  kilometres. 

The  "Zephyr"  launch-engine,  introduced  in  this  country  by  Messrs. 
Yarrow,  is  of  particular  interest,  as  the  vapour  of  petroleum  spirit,  of 
specific  gravity  0*68,  is  employed  in  the  same  manner  as  steam,  as  a 
motive  power.  While  the  vapour  of  such  petroleum  spirit  may  be 
cooled  to  130"  F.  without  condensation,  it  exerts  a  vapour  pressure  of 
10  lbs.  per  square  inch  at  155*  F.,  and  of  40  lbs.  per  inch  at  212"  F.,  at 
which  temperature  water,  of  course,  has  a  vapour  pressure  of  about 
15  lbs.  For  the  same  amount  of  heat,  therefore,  petroleum  spirit  gives  a 
higher  pressure  than  does  water,  and  a  correspondingly  smaller  amount 
of  heat  is  lost  in  the  exhaust,  so  that  a  higher  heat-e£Qciency  is  obtained. 
Meiro  ^  states  that  although  the  vapour  pressures  of  different  samples 
vary  considerably  at  low  temperatures,  there  is  practically  no  difference 
at  temperatures  above  85"  C.  Thus,  one  sample  of  specific  gravity  0*71 
showed  a  pressure  of  0*065  kilo,  per  square  centimetre  at  29"  C,  while 
another  sample  of  specific  gravity  0*715  yielded  that  pressure  at 
43"  C.  Both  samples  gave  a  pressure  of  about  2  atmospheres  at  85"  C. 
The  working  of  the  engine  is  similar  to  that  of  a  surface-condensing 
steam  engine.  The  engine  and  vapour-generator  are  carried  in  the 
stern  of  the  boat,  and  the  reservoir  of  spirit  in  the  lx)w.  The  spirit 
is  volatilised  in  a  spiral  tube  enclosed  in  a  non-conducting  casing  and 
heated  by  a  burner.  The  vapour  propels  the  piston  as  in  a  steam 
engine,  and  exhausts  into  two  cooling  pipes,  from  which  the  condensed 
liquid  returns  to  the  reservoir.     Thus,  the  spirit  is  used  repeatedly 

» Chem,  Zc'U.  Rep  ,  1893,  158. 
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without  coming  into  contact  with  the  air,  and  only  a  comparatively 
small  quantity  of  spirit  has  to  be  stored. 

The  vaporiser  may  be  heated  by  burning  part  of  the  petroleum 
spirit  in  an  atmospheric  burner,  but  the  better  and  commoner  plan 
is  to  use  ordinary  kerosene.  This  is  sprayed  by  a  small  air-pump 
driven  by  the  engine,  and  is  burned  in  a  fire-box  beneath  the  vaporiser 
after  being  mixed  with  a  further  supply  of  air.  The  consumption  of 
kerosene  for  fuel  amounts  to  about  a  third  of  a  gallon  per  horse-power 
per  hour. 
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SECTION  XI. 

STATDTOBT,  MUNICIPAL,  AND  OTHER  REGULATIONS  RE- 
LATING TO  THE  TESTING,  STORAGE,  TRANSPORT,  AND 
USE  OF  PETROLEUM  AND  ITS  PRODUCTS. 

BRITISH. 

As  the  genend  use  of  mineral  oils  as  illnminating  agents  may  be  said 
to  date  only  from  1859,  all  legislation  in  relation  to  petroleum  has  been 
effected  within  oomparativelj  recent  years.  In  this  country,  the  first 
Act  was  passed  in  1862  (25  and  26  Yict.,  ch.  66).  It  was  entitled 
^An  Act  for  the  safe-keeping  of  petroleum,"  and  the  preamble  was 
follows : — 


'^Whereas  it  is  expedient  to  proride  for  the  safe-keeping  of  petroleom  and 
oeiiaiii  products  thereof  that  are  dangerous  to  life  and  property,  from  their 
properties  of  giving  off  tnflanunable  yaponrs  at  low  temperatures/^  &c. 

This  Act  defined  "petroleum"  for  the  purposes  of  the  Act  as 
including  "anj  product  thereof  that  giyes  off  an  inflammable  yapour 
at  a  temperature  of  less  than  100**  of  Fahrenheit's  thermometer. "*  Not 
more  than  40  gallons  of  "petroleum''  (as  defined  in  the  Act)  was  to 
be  stored  withm  50  yards  of  a  dwelling-house  or  warehouse,  except 
under  license  from  the  local  authority,  who  might  impose  any  con- 
ditions considered  necessary  for  the  public  safety.  Carriage  in  a 
vessel  within  a  harbour  was  subject  to  the  regulations  of  the  harbour 
authorities  only,  and  the  powers  of  search  giyen  in  the  Gunpowder 
Act,  1860,  were  extended  to  "petroleum"  under  this  Act.  As  no 
method  of  testing  was  specified,  it  was  practically  impossible  to  put 
the  Act  into  operation. 

An  amending  Act  was  accordingly  passed  in  1868  (31  and  32  Vict., 
ch.  56),  and  in  this  there  was  an  extended  definition  of  "petroleum  " 
which  has  been  given  in  Section  IX.  (p.  550).  In  this  Act,  which 
**so  far  as  is  consistent  with  the  tenor  thereof"  was  directed  to  be 
read  as  one  with  the  previous  Act,  storage  without  a  license,  within 
the  50  yards  limit,  was  disallowed,  except  in  the  case  of  petroleum 
for  private  use,  and  as  regards  such  petroleum,  no  limit  of  quantity 
was  fixed.  The  "bottle  or  vessel"  containing  "petroleum"  (as  defined 
in  the  Act)  was  required  to  bear  the  following  label : — 

"  Great  care  most  be  taken  in  bringing  any  light  near  to  the  contents  of  this 
vessel,  as  they  give  off  an  inflammable  vaponr  at  a  temperature  of  less  than  100*" 
of  Fahrenheit  s  thermometer.*' 

Any  duly  appointed  inspector  of  weights  and  measures  was  em- 
powered to  "  inspect  and  test  all  petroleum  kept,  offered,  or  exposed 
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for  sale/*  and  any  petroleum  so  kept,  or  offered,  or  exposed  for  sale  in 
contravention  of  that  Act,  or  of  the  previous  Act,  was  liable  to  be 
seized,  and  upon  conviction,  forfeited,  the  person  or  persons  offending 
being  liable  to  a  penalty  of  five  pounds.  Such  person  or  persons 
might,  however,  appeal  against  the  test  of  the  inspector,  and  in 
such  case,  the  court  might  submit  the  question  to  the  public  analyst, 
or  if  no  such  official  had  been  appointed,  to  "some  other  person 
having  competent  chemical  knowledge." 

The  practical  effect  of  this  legislation  was  that  two  classes  of 
petroleum  products  were  imported  into  this  country,  one  (kerosene) 
conforming,  or  intended  to  conform,  to  the  requirements  of  the  law,, 
and  the  other  (petroleum  spirit)  giving  off  inflammable  vapour  at  all 
ordinary  temperatures,  and  even  far  below  them. 

In  1871,  another  Act  (34  and  35  Vict,  ch.  105)  was  passed,  and  as 
this  is  still  in  force,  except  as  to  the  standard  or  limit  of  test  and  the 
mode  of  testing,  it  is  given  below  in  full,  the  schedules  only  being 
omitted.  The  first  of  these  schedules  is  a  reproduction  of  the 
directions  for  testing  given  in  the  schedule  of  the  Act  of  1868,  and 
the  second  specifies  the  Acts  repealed  by  Section  17,  as  follows  : — The 
Petroleum  Act,  1862,  the  Carriage  and  Deposit  of  Dangerous  Goods 
Act,  1866,  and  the  Petroleum  Act,  18G8.  This  Act  was  to  continue 
in  force  until  Ist  October,  1872,  buc  was  continued  from  year  to  year 
by  the  Exjnring  Laws  Continuance  Acts. 

Chap.  105. 

An  Act  for  the  safe  keeping  of  Petroleum  and  other  substances  of  a  like   A.D.  1871- 
nature.  [21st  August,  1871.] 

Whkreas  it  is  expedient  to  consolidate  and  amend  the  law  relating  to  the  safe 
keeping  of  petroleum  and  other  substances  of  a  like  nature : 

Be  it  enacted  by  the  Queen's  most  Excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present 
Parliament  assembled,  and  by  the  authority  uf  the  same,  as  follows : 

1.  This  Act  may  be  cited  as  **  The  Petroleum  Act,  1871."  Short  title 

2.  In  this  Act,  if  not  inconsistent  with  the  context,  the  following  terms  have  of  Act. 
the  meanings  hereinafter  assigned  to  them  ;  (that  is  to  say,)  Interpreta- 

The  term  * '  borough  "  means—  ^  jJ^IJJJ- 

In  England  any^ace  for  the  time  being  subject  to  the  provisions  of  the  Act  of  iq  the  Act : 

the  session  of  the  fifth  and  sixth  years  of  the  reign  of  King  William  the  Fourth,  "Borough:* 

chapter  seventy-six,  **to  provide  for  the  regulation  of  municipal  corporations  in 

England  and  Wales,"  and  the  Acts  amending  the  same ; 

In  Scotland  any  royal  burgh  and  any  burgh  or  town  returning  or  contributing 

to  return  a  member  or  members  to  serve  in  Parliament ; 

In  Ireland  any  place  for  the  time  being  subject  to  the  ])rovisions  of  the  Act  of 

the  session  of  the  third  and  fourth  years  of  the  reign  of  Her  present  Majesty, 

chapter  one  hundred  and  eight,  **  for  the  regulation  of  municipal  corporations  in 

Ireland,  and  the  Acts  amending  the  same:" 
The  term  "person"  includes  a  lK>dy  corporate:  " Person :"^ 

The  term  **  Secretary  of  State"  means  one  of  Her  Majesty's  Principal  Secretaries  "Secretary 

of  State:  J      ^  i  of  State:'' 

The  term  "  Lord  Lieutenant"  means  the  Lord  Lieutenant  of  Ireland  or  the  lords  "Lord  Lieu- 
justices  or  other  chief  governors  or  governor  of  Ireland  for  the  time  being:  tenant:" 

The  term  **  harbour  "  means  any  harbour  properly  so  called,  whether  natural  or  "Harbour:" 
artificial,  and  any  port,  haven,  estuary,  tidal  nver  or  other  river,  canal  or  inland 
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"  Harbour 
authority : " 

*'8hlp:' 

••Summary 

Jurisdiction 

Acte:' 


**Ck)urt  of 
Summary 
Jurisdic- 
tion:" 
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navigation  navigated  by  sea-going  ships,  and  any  dock,  pier,  jetty,  or  other  works 
in  or  at  which  ships  do  or  can  ship  or  unship  goods  or  paasengers : 

The  term  '*  harbour  autliority  "  includes  any  persons  or  person  being  or  claiming 
to  be  proprietors  or  proprietor  of  or  intrusted  with  the  duty  or  invested  with  the 
power  of  improving,  maintaining,  or  managing  any  harbour : 

The  term  ••ship"  includes  every  description  of  vessel  used  in  navigation,  whether 
propelled  by  oars  or  otherwise : 

The  term  ** Summary  Jurisdiction  Acts*'  means  as  follows: 

As  to  England,  the  Act  of  the  session  of  the  eleventh  and  twelfth  years  of  the 
reign  of  Her  present  Majesty,  chapter  forty- three,  intituled  "An  Act  to  facilitate 
the  performance  of  the  duties  of  justices  of  the  peace  out  of  sessions  within  England 
and  Wales  with  respect  to  summary  convictions  and  orders,"  and  any  Acts  amend- 
ing the  same ; 

As  to  Scotland,  **The  Summary  Procedure  Act,  1864;" 

As  to  Ireland,  within  the  police  district  of  Dublin  metropolis,  the  Acts  regu- 
lating the  powers  and  duties  of  justices  of  the  peace  for  such  district,  or  of  the 
police  of  .such  district;  and  elsewhere  in  Ireland,  **The  Petty  Sessions  (Ireland) 
Act,  1851,"  and  any  Act  amending  the  same: 

The  term  "Court  of  Summary  Jurisdiction  "  means  and  includes  any  justice  or 
justices  of  the  peace,  sheriff  or  sheriff  substitute,  metropolitan  police  magistrate, 
stipendiary  or  other  magistrate,  or  officer,  by  whatever  name  called,  to  whom 
jurisdiction  is  given  by  the  Summary  Jurisdiction  Acts  or  any  Acts  therein 
referred  to,  or  to  procee<Ungs  before  whom  the  provisions  of  the  Summary  Juris- 
diction Acts  are  or  may  be  made  applicable : 

The  term  "county  rate"  means  as  regards  Scotland  the  county  t^neral  assess- 
ment leviable  in  pursuance  of  "  The  County  General  Assessment  (Scotland)  Act, 
1868,"  and  as  regards  Ireland  the  grand  jury  cess. 

3.  For  the  purposes  of  this  Act  the  term  •'petroleum "  includes  any  rock  oil, 
Rangoon  oil,  Burmah  oil,  oil  made  from  petroleum,  coal,  schist,  shale,  peat,  or 
other  bituminous  substance,  and  any  products  of  petroleum,  or  any  of  the  above- 
mentioned  oils ;  and  the  term  ** petroleum  to  which  this  Act  applies,"  means  such 
of  the  petroleum  so  defined  as,  when  tested  in  manner  set  forth  in  Schedule  One 
to  this  Act,  gives  off  an  inflammable  vapour  at  a  temperature  of  less  than  one 
hundred  degrees  of  Fahrenheit's  thermometer. 

4.  Every  harbour  authority  shall  frame  and  submit  for  confirmation  to  the 
Board  of  Trade  byelaws  for  regulating  the  place  or  places  at  which  ships  carrying 
petroleum  to  which  this  Act  applies  are  to  be  moored  in  the  harbour  over  which 
such  authority  has  jurisdiction,  and  are  to  land  their  cargo,  and  for  regulating 
the  time  and  mode  of,  and  the  precautious  to  be  taken  on,  such  landing.  The 
harbour  authority  shall  publish  the  byelaws  so  framed  with  a  notice  of  the  inten- 
tion of  such  authority  to  apply  for  the  confirmation  thereof.  The  Board  of  Trade 
may  confirm  such  byelaws  with  or  without  any  omission,  addition,  or  alteration, 
or  may  disallow  the  same. 

Every  such  byelaw  when  confirmed  shall  be  published  by  the  harbour  authority, 
and  may  be  from  time  to  time  altered  or  repealed  by  a  byelaw  made  in  like  manner. 
Byelaws  under  this  section  shall  be  published  in  such  manner  as  the  Board  of 
Trade  may  from  time  to  time  direct. 

If  at  any  time  it  appears  to  the  Board  of  Trade  that  there  is  no  bye-law  for  the 
time  being  in  force  under  this  section  in  any  harbour  the  Board  of  Trade  may,  by 
notice,  require  the  harbour  authority  of  such  harbour  to  frame  and  submit  to  them 
a  byelaw  for  the  purposes  of  this  section,  and  if  such  harbour  authority  make 
default  in  framing  a  uyelaw  and  obtaining  the  confirmation  thereof  within  the 
time  limited  by  such  notice  the  Board  of  Trade  may  make  a  byelaw  for  the  pur- 
poses  of  this  section,  and  such  bye-law  shall  have  the  same  effect  as  if  it  had  been 
framed  by  the  harbour  authority  and  confirmed  by  the  Board  of  Trade. 

Where  any  ship  or  cargo  is  moored,  landed,  or  otherwise  dealt  with  in  contra- 
vention of  any  bye-law  for  the  time  being  in  force  under  this  Act  in  any  harbour, 
the  owner  and  master  of  such  ship,  or  the  owner  of  such  cargo,  as  the  case  mav 
be,  shall  each  incur  a  penalty  not  exceeding  fifty  pounds  for  each  day  during  whicn 
such  contravention  continues,  and  it  shall  be  lawiul  for  the  harbour  master  or  any 
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other  person  acting  under  the  orders  of  the  harbour  authority  of  such  harbour  to 
cause  such  ship  or  cargo  to  be  removed,  at  the  expense  of  the  owner  thereof,  to 
such  place  as  may  be  in  conformity  with  the  said  byelaw,  and  all  expenses  incurred 
in  such  removal  may  be  recovered  in  the  same  manner  in  which  penalties  are  by 
this  Act  made  recoverable. 

5.  The  owner  or  master  of  every  ship  carrying  a  cargo  any  part  of  which  consists  Notice  by 
of  petroleum  to  which  this  Act  applies,  on  entering  any  harbour  within  the  United  JJJ^ter^of 
Kingdom,  shall  give  notice  of  the  nature  of  such  cargo  to  the  harbour  authority  ^\^ 
having  jurisdiction  over  such  harbour.  carrying 

If  such  notice  is  not  given  the  owner  and  master  of  such  ship  shall  each  incur  a  petroleom. 
penalty  not  exceeding  the  sum  of  tive  hundred  pounds,  unless  it  is  shown  to  the 
satisfaction  of  the  court  before  which  the  case  is  tried  that  neither  the  owner  nor 
the  master  knew  the  nature  of  the  goods  to  which  the  proceedings  relate,  nor 
could  with  reasonable  diligence  have  obtained  such  knowledge. 

6.  Where  any  petroleum  to  which  this  Act  applies —  Label  on 
(a)  Is  kept  at  any  place  except  during  the  seven  days  next  after  it  has  been  J^Sna*^"* 

imported  ;  or,  petroleum. 

(o)  Is  sent  or  conveyed  by  land  or  water  between  any  two  places  in  the  United 
Kingdom ;  or, 

(c)  Is  sold  or  exposed  for  sale ; 
the  vessel  containing  such  petroleum  shall  have  attached  thereto  a  label  in  con- 
spicuous characters,  stating  the  description  of  the  petroleum,  with  the  addition  of 
the  words  '*  highly  inflammable,"  and  with  the  addition — 

(a)  In  the  case  of  a  vessel  kept,  of  the  name  and  address  of  the  consignee  or 
owner : 

(6)  In  the  case  of  a  vessel  sent  or  conveyed,  of  the  name  and  address  of  the 
sender : 

(c)  In  the  case  of  a  vessel  sold  or  exposed  for  sale,  of  the  name  and  address  of 
the  vendor. 

All  petroleum  to  which  this  Act  applies  which  is  kept,  sent,  conveyed*  sold,  or 
exposed  for  sale,  in  contravention  of  this  section,  shall,  together  with  the  vessel 
containing  the  same,  be  forfeited,  and  in  addition  thereto  the  person  keeping, 
sending,  selling,  or  exposing  for  sale  the  same  shall  for  each  offence  be  liable  to  a 
penalty  not  exceeding  five  pounds. 

7.  Save  as  hereinafter  mentioned,  after  the  passing  of  this  Act  petroleum  to  Begulations 
which  this  Act  applies  shall  not  be  kept,  except  in  pursuance  of  a  license  given  by  JJ^^JjL^  qj 
such  local  authority  as  is  in  this  Act  mentioned.  pet^emn. 

All  petroleum  kept  in  contravention  of  this  section  shall,  together  with  the 
vessel  containing  the  same,  be  forfeited,  and  in  addition  thereto  the  occupier  of 
the  place  in  which  such  petroleum  is  so  kept  shall  be  liable  to  a  penalty  not 
exceeding  twenty  pounds  a  day  for  each  day  during  which  such  petroleum  is  so 
kept. 

This  section  shall  not  apply  to  any  petroleum  kept  either  for  private  use  or  for 
sale,  provided  the  following  conditions  are  compliea  with : 

(1.)  That  it  is  kept  in  separate  glass,  earthenware,  or  metal  vessels,  each  of 
which  contains  not  more  than  a  pint,  and  is  securely  stopped  : 

(2. )  That  the  aggregate  amount  kept,  supposing  the  whole  contents  of  the  vessels 
to  be  in  bulk,  does  not  exceed  3  gallons. 

8.  The  following  bodies  shall  respectively  be  the  local  authority  to  grant  I>eflnltion 
licenses  under  this  Act  in  the  districts  hereinafter  mentioned;  (that  is  to  say,)        authority 

(1.)  In  the  City  of  London,  except  as  hereafter  in  this  section  mentioned,  the 
Court  of  the  Lord  Mayor  and  aldermen  of  the  said  city : 

(2. )  In  the  Metropolis  (that  is,  in  places  for  the  time  being  within  the  jurisdic- 
tion of  the  Metropolitan  Board  of  Works,  imder  the  Metropolis  Management  Act, 
1^5),  except  the  City  of  London,  and  except  as  hereafter  in  this  section  men- 
tioned, the  Metropolitan  Board  of  Works : 

(3.)  In  any  borough  in  England  or  Ireland,  except  as  hereafter  in  this  section 
mentioned,  the  Mayor,  aldermen,  and  bnrgessea  acting  by  the  council : 

(4.)  In  any  place  in  England  or  Ireland,  except  as  hereafter  in  this  section 
mentioned,  within  the  jurimliction  of  any  trustees  or  improyement  commissionera 
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appointed  under  the  proYisions  of  any  local  or  general  Act  of  Parliament,  and  not 
being  a  borough,  or  comprising  any  part  of  a  borough,  the  trustees  or  commissioners  : 

(5. )  In  any  place  in  England,  except  as  hereafter  in  this  section  mentioned, 
within  the  jurisdiction  of  a  local  board  constituted  under  the  Local  Government 
Act,  1858,  and  not  being  any  of  the  districts  before-mentioned,  or  comprising  any 
part  of  any  such  district,  the  local  board  : 

(6. )  In  any  burgh  in  Scotland,  except  as  hereafter  in  this  section  mentioned,  the 
town  council : 

(7.)  In  any  plskce  in  Scotland,  except  as  hereafter  in  this  section  mentioned^ 
within  the  jurisdiction  of  police  commissioners,  or  trustees  exercising  the  functiona 
of  police  commissioners  under  any  general  or  local  Act,  and  not  being  a  burgh,  or 
comprising  any  part  of  a  burgh,  the  police  commissioners  or  trustees  : 

(8.)  In  any  harbour  within  the  jurisdiction  of  a  harbour  authority,  whether 
situate  or  not  within  the  jurisdiction  of  any  local  authority  before  in  this  section 
mentioned,  the  harbour  authority,  to  the  exclusion  of  any  other  local  authority : 

(9.)  In  any  place  in  which  there  is  no  local  authority,  as  before  in  this  section 
defined,  in  England  or  Ireland,  the  justices  in  petty  sessions  assembled,  and  in 
Scotland,  any  two  or  more  justices  of  the  peace  for  the  county,  sitting  as  judges 
in  the  justice  of  peace  court. 

9.  Licenses  in  pursuance  of  this  Act  shall  be  valid  if  signed  by  two  of  more  of 
the  persons  constituting  the  local  authority,  or  executed  in  any  other  way  in  which 
other  licences,  if  any,  granted  by  such  authority,  are  executed.     Licenses  may  be 
granted  for  a  limited  time,  and  may  be  subject  to  renewal  or  not  in  such  manner 
as  the  local  authority  think  necessary. 

There  may  be  annexed  to  any  such  license  such  conditions  as  to  the  mode  of 
storage,  the  nature  and  situation  of  the  premises  in  which,  and  the  nature  of  the 
ffoods  with  which  petroleum,  to  which  this  Act  applies,  is  to  be  stored,  the 
Facilities  for  the  testme  of  such  petroleum  from  time  to  time,  the  mode  of  carry- 
ing such  petroleum  within  the  district  of  the  licensing  authority,  and  generally  aa 
to  the  safe  keeping  of  such  petroleum  as  may  seem  expedient  to  the  local 
authority. 

Any  hcensee  violatineany  of  the  conditions  of  his  license  shall  be  deemed  to  be 
an  nmicensed  person.  There  may  be  charged  in  respect  of  each  license  granted 
in  pursuance  of  this  Act  such  sum,  not  exceeding  five  shillings,  as  the  local 
authority  may  think  fit  to  charge. 

10.  If  on  any  application  for  a  license  under  this  Act  the  local  authority  refuse 
the  license,  or  grant  the  same  only  on  conditions  with  which  the  applicant  is  dis- 
satisfied, the  local  authority  shall,  if  required  by  the  applicant,  deliver  to  him  in 
writing,  under  the  hand  or  hands  of  one  or  more  of  the  persons  constituting  the 
local  authority,  a  certificate  of  the  grounds  on  which  they  refused  the  license,  or 
annexed  conditions  to  the  grant  thereof. 

The  applicant,  within  ten  days  from  the  time  of  the  delivery  of  the  certificate^ 
may  transmit  the  same  to  a  Secretary  of  State  if  the  application  is  for  a  license  in 
England  or  Scotland,  and  to  the  Lord  Lieutenant  if  the  application  is  for  a  license 
in  Ireland,  together  with  a  memorial,  praying  that  notwithstanding  such  refusal, 
the  license  may  be  granted,  or  that  the  conditions  may  not  be  imposed,  or  may  be 
altered  or  modified  m  such  manner  and  to  such  extent  as  may  be  set  forth  in  such 
memorial. 

It  shall  be  lawful  for  the  Secretary  of  State,  or  the  Lord  Lieutenant,  if  he  think 
fit,  on  consideration  of  such  memorial  and  certificate,  and,  if  he  think  it  necessary 
or  desirable,  after  due  inquiry  and  a  report  by  such  person  as  he  may  appoint  for 
that  purpose,  to  grtuxt  the  license  prayed  for,  either  absolutely  or  with  such  con- 
ditions as  he  thinks  fit,  or  to  alter  or  modify  the  conditions  imposed  by  the  local 
authority  ;  and  the  license  so  granted,  or  altered  and  modified  as  the  case  may  be, 
when  certified  under  the  hand  of  a  Secretary  of  State,  or  the  Lord  Lieutenant^ 
shall  be  to  all  intents  as  valid  as  if  granted  by  the  local  authority. 

11.  Any  officer  authorised  by  the  local  authority  may  purchase  any  petroleum 
from  any  dealer  in  it,  or  may,  on  producing  a  copy  of  his  appointment,  purporting 
to  bo  certified  by  the  clerk  or  some  member  of  the  local  authority,  or  producing 
some  other  sufficient  authority,  require  the  dealer  to  show  him  every  or  any  place^ 
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and  all  or  any  of  the  vessels  in  which  any  petroleum  in  his  possession  is  kept,  and 
to  fdve  him  samples  of  such  petroleum  on  payment  of  the  value  of  such  samples. 

When  the  officer  has  by  either  of  the  means  aforesaid  taken  samples  of  petro- 
leum, he  may  declare  in  writing  to  the  dealer  that  he  is  about  to  test  the  same,  or 
cause  the  same  to  be  tested,  in  manner  set  forth  in  Schedule  One  to  this  Act,  and 
it  shall  be  lawful  for  him  to  test  the  same,  or  cause  the  same  to  be  tested,  at  any 
convenient  place  at  such  resonable  time  as  he  may  appoint,  and  the  dealer  or 
an^  person  appointed  by  him  may  be  present  at  the  testing,  and  if  it  appear  to  the 
officer  or  other  person  so  testing  that  the  petroleum  from  which  such  samples  have 
been  taken  is  petroleum  to  which  this  Act  applies,  such  officer  or  other  person 
may  certify  such  fact,  and  the  certificate  so  given  shall  be  receivable  as  evidence 
in  an^  proceedings  that  may  be  taken  against  a  dealer  in  petroleum  in  pursuance 
of  this  Act ;  but  it  shall  be  lawful  for  a  dealer  proceeded  against  to  eive  evidence 
in  proof  that  such  certificate  is  incorrect,  and  thereupon  the  court  oefore  which 
any  such  proceedings  may  be  taken  may,  if  such  court  think  fit,  appoint  some 
person  skilled  in  testing  petroleum  to  examine  the  samples  to  which  such  certifi- 
cate relates,  and  to  declare  whether  such  certificate  is  correct  or  incorrect. 

Any  expenses  iacurred  in  testine  any  petroleum  of  such  dealer  in  pursuance  of 
this  section  shall,  if  such  dealer  oe  convicted  of  keeping,  sending,  conveying, 
selling,  or  exposing  for  sale,  petroleum  in  contravention  of  tnis  Act,  be 
deemed  to  be  a  portion  of  the  costs  of  the  proceedings  against  him,  and  shall 
be  paid  by  him  accordinsrly.  In  any  other  event  such  expenses  shall  be  paid  by 
the  local  authority  out  of  any  funds  for  the  time  being  in  their  hands,  and  in 
case  the  local  authority  are  the  justices,  out  of  the  county  rate. 

12.  Any  dealer  who  refuses  to  show  to  any  officer  authorised  by  the  local  Penalty  for 
authority  every  or  any  place,  or  all  or  any  of  the  vessels  in  which  petroleum  in  refusing  in- 
his  possession  is  kept,  or  to  give  him  such  assistance  as  he  may  require  for  'omation 
examining  the  same,  or  to  give  to  such  officer  samples  of  such  petroleum  on  pay-  structing 
ment  of  the  value  of  such  samples,  or  who  wilfully  obstructs  the  local  authority,  officer. 

or  any  officer  of  the  local  authority,  in  the  execution  of  this  Act,  shall  incur  a 
penalty  not  exceeding  twenty  pounds. 

13.  Where  any  court  of  summary  jurisdiction  is  satisfied  by  information  on  Search  for 
oath  that  there  is  reasonable  ground  to  believe  that  any  petroleum  to  which  this  petroleum. 
Act  applies  is  being  kept,  sent,  conveyed,  or  exposed  for  sale  within  the  jurisdic-  ^ct^*lS 
tion  of  such  court  in  contravention  of  this  Act,  at  any  place,  whether  a  building  g.  25! 

or  not,  or  in  any  ship  or  vehicle,  such  court  shall  grant  a  warrant,  by  virtue 
whereof  it  shall  be  lawful  for  any  person  named  in  such  warrant  to  enter  the  place, 
ship,  or  vehicle  named  in  such  warrant,  and  every  part  thereof,  and  examine  the 
same  and  search  for  petroleum  therein,  and  take  samples  of  any  petroleum  found 
therein,  and  if  any  petroleum  to  which  this  Act  applies  be  founa  therein,  which 
is  kept,  sent,  conveyed,  or  exposed  for  sale  in  contravention  of  this  Act,  to  seize 
and  remove  such  petroleum,  and  the  vessel  containing  the  same,  and  to  detain 
such  petroleum  and  vessel  until  some  court  of  summary  jurisdiction  has  deter- 
mined whether  the  same  are  or  not  forfeited,  the  proceedings  for  which  forfeiture 
shall  be  commenced  forthwith  after  the  seizure. 

Any  person  seizing  any  petroleum  to  which  this  act  applies  in  pursuance  of  this 
section  shall  not  be  liable  to  any  suit  for  detaining  the  same,  or  for  any  loss  or 
damage  incurred  in  respect  of  such  petroleum,  otherwise  than  by  any  wilful  act 
or  neglect  while  the  same  is  so  detained. 

If  any  petroleum  to  which  this  Act  applies  is  seized  in  pursuance  of  this  section 
in  any  ship  or  vehicle,  the  person  seizing  the  same  may  use  for  the  purposes  of  the 
removal  thereof,  during  twenty-four  hours  after  the  seizure,  the  said  ship  or 
vehicle,  with  the  tackle,  beasts,  and  accoutrements  belonging  thereto,  and  if  he  do 
so  shall  pay  to  the  owner  thereof  a  reasonable  recompense  for  the  use  thereof,  and 
the  amount  of  such  recompense  shall,  in  case  of  dispute,  be  settled  by  the  court  of 
summary  jurisdiction  before  whom  proceedings  for  the  forfeiture  are  taken,  and 
may  be  recovered  in  like  manner  as  penalties  under  this  Act  may  be  recovered. 

Any  person  who,  by  himself  or  oy  any  one  in  his  employ  or  acting  by  his 
direction  or  with  his  consent,  refuses  or  fails  to  admit  into  any  place  occupied 
by  or  under  the  control  of  such  person,  any  person  demanding  to  enter  in  pursu- 
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aace  of  this  aedwn,  or  in  anj  waj  obstmcts  or  prevents  anj  person  in  or  firom 

nuUdng  any  snch  search,  ezaminationf  or  seizore,  or  taking  any  sach  samples  as 

anthonaed  by  this  section,  shall  be  liable  to  pay  a  penalty  not  exceeding  twenty 

pounds,  and  to  forfeit  all  petroleom  to  which  this  Act  applies  which  is  foond  in 

nis  possession  or  under  his  oootroL 

AvpUeaUoo      14.  Her  Majesty  may  from  time  to  time  make,  revoke,  and  x-ary  Orders  in 

^tb^^-     Council  directing  this  Act  or  any  part  thereof  to  apply  to  any  substance,  and  this 

tttimr'         Act,  or  the  part  thereof  specified  in  the  Order  shall,  durins  the  continuance  of  the 

Order,  apply  to  snch  substance,  and  shall  be  construed  and  have  effect  as  if 

throuffhout  it  such  substance  had  been  included  in  the  definition  of  petroleum 

to  which  this  Act  applies,  subject  to  the  following  qualifications : 

(1.)  The  quantity  of  any  substance  to  which  this  Act  is  directed  by  Order  in 
Cotincil  to  apply,  which  may  be  kept  without  a  license,  shall  be  such  quantity  only 
as  is  specifiea  in  that  behalf  in  such  order,  or  if  no  such  quantity  is  specided  no 
qaanti^  may  be  kept  without  a  license : 

(2.)  The  label  on  the  vessel  containing  such  substance  shall  be  such  as  may  be 
specified  in  that  behalf  in  the  order. 
Smnmsry  15.  In  Elngland  and  Ireland  all  offences  and  penalties  under  this  Act,  and  all 

prooeedlDgs  money  and  costs  directed  by  this  Act  to  be  recovered  as  penalties,  may  be 
Sj^JJJJ?**  prosecuted  and  recovered  in  manner  provided  by  the  Summary  Jurisdiction  Acts. 
2c.  In  Scotland  all  offences  and  penalties  under  this  Act,  and  all  money  and 

expenses  by  this  Act  directed  to  oe  recovered  as  penalties,  shall,  save  as  herein- 
i^ter  provided,  be  prosecuted  and  recovered  at  the  instance  of  the  procurator 
fiscal  or  of  any  officer  authorised  in  that  behalf  by  the  harbour  authority  or 
local  authority  under  the  provisions  of  the  Summary  Jurisdiction  Acts  before  a 
court  of  summary  jurisdiction,  and  all  necessary  powers  and  jurisdictions  are  hereby 
conferred  on  such  court  in  Scotland. 
Provided  as  follows : 

1.  A  court  of  summary  jurisdiction  shall  not  impose  a  penalty  exceeding  fifty 
pounds,  but  any  such  court  may  impose  that  or  any  less  penalty  for  any  one  offence, 
notwithstanding  the  offence  involves  a  penalty  of  higher  amount. 

2.  In  Scotland  any  penalty  exceemng  fifty  pounds  shall  be  recovered  and 
enforced  in  the  same  manner  in  which  any  penalty  due  to  Her  Majesty  under 
any  Act  of  Parliament  may  be  recovered  and  enforced. 

3.  The  "Court  of  Summary  Jurisdiction,'*  when  hearing  and  determining  an 
information  or  complaint,  shall  be  constituted  in  some  one  of  the  following 
manners ;  (that  is  to  say,) 

(a. )  In  Enffland,  either  of  two  or  more  justices  of  the  peace  in  petty  sessions 
sitting  at  a  p&ce  appointed  for  holding  petty  sessions,  or  one  of  the  magistrates 
hereinafter  mentioned,  sitting  alone  or  with  others  at  some  court  or  other  place 
appointed  for  the  administration  of  justice ;  that  is  to  say,  the  Lord  Mayor,  or  any 
auferman  of  the  City  of  London,  a  metropolitan  police  magistrate,  a  stipendiary 
maglBtrate,  or  some  other  officer  or  officers  for  the  time  being  empowered  by  law 
to  do  alone  or  with  others  any  act  authorised  to  be  done  by  more  than  one  justice 
of  the  peace : 

(6.)  In  Scotland,  of  two  or  more  justices  of  the  peace  sitting  as  judges  in  a 
justice  of  the  peace  court,  or  of  one  of  the  magistrates  hereinafter  mentioned 
sitting  alone  or  with  others  at  some  court  or  other  place  appointed  for  the 
administration  of  justice ;  that  is  to  say,  the  sheriff  of  the  county  or  his  sub- 
stitute, or  the  provost  or  other  magistrate  of  a  royal  burgh,  or  some  other  officer 
or  officers  for  the  time  being  empowered  by  law  to  do  alone  or  with  others  any  act 
authorised  to  be  done  by  more  than  one  justice  of  the  peace  : 

(e.)  In  Ireland,  within  the  police  district  of  Dublin  Metropolis,  of  one  of  the 
divisional  justices  of  the  police  district  of  Dublin  metropolis,  sitting  at  a  police 
court  within  the  said  district ;  and  elsewhere,  of  a  stipendiary  magistrate,  sitting 
alone  or  with  others,  or  of  two  or  more  justices  of  the  peace  in  petty  sessions, 
sittinjz  at  a  place  appointed  for  holding  petty  sessions. 

4.  The  description  of  any  offence  under  this  Act  in  the  words  of  such  Act  shall 
be  sufficient  in  law. 

5.  Any  exception,  exemption,  proviso,  excuse,  or  qualification,  whether  it  does 
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or  not  accompany  the  description  of  the  offence  in  this  Act,  may  be  proved  by 
the  defendant,  bat  need  not  be  specified  or  negatived  in  the  information,  and 
if  so  specified  or  negatived  no  proof  in  relation  to  the  matters  so  specified  or 
negatived  shall  be  required  on  the  part  of  the  informant  or  prosecutor. 

6.  No  conviction  or  order  made  in  pursuance  of  this  Act  shall  be  quashed  for 
want  of  form  or  be  removed  by  certiorari  or  otherwise,  either  at  the  instance  of 
the  Crown  or  of  any  private  party,  into  any  superior  court.  Moreover,  no  war- 
rant of  commitment  shall  be  held  void  by  reason  of  any  defect  therein,  provided 
that  there  is  a  valid  conviction  to  maintain  such  warrant,  and  it  is  alleged  in  the 
warrant  that  the  party  has  been  convicted. 

7.  All  forfeitures  may  be  sold  or  otherwise  disposed  of  in  such  manner  as  the 
Court  may  direct. 

8.  In  Scotland  all  i)enalties  imposed  under  the  provisions  of  this  Act  by  a  Court 
of  Summary  Jurisdiction  may  be  enforced  in  default  of  payment  by  imprisonment 
for  a  term  not  exceeding  three  calendar  months ;  and  all  such  penalties  recovered 
and  the  proceeds  of  all  forfeitures  sold  under  this  Act  shall  he  paid  to  the  clerk 
of  the  Court  of  Summary  Jurisdiction,  and  by  him  accounted  for  and  paid  to  the 
persons  and  for  the  purposes  under  stated ;  (that  is  to  say,) 

(a)  To  the  Queen's  and  Lord  Treasurer's  Remembrancer,  on  behalf  of  Her 
Majesty,  when  the  Court  is  the  Sheriff's  Court : 

(6)  To  the  collector  of  county  rates  in  aid  of  the  general  county  assessment, 
when  the  Court  is  the  Justice  of  the  Peace  Court : 

(c)  To  the  treasurer  of  the  burgh  in  aid  of  the  funds  of  the  burgh  when  the 
Court  is  a  Burgh  Court 

9.  In  Ireland  all  penalties  recovered  under  the  provisions  of  this  Act  shall  be 
applied  according  to  the  Fines  (Ireland)  Act,  1851,  or  any  Act  amending  the 
same. 

16.  All  powers  given  by  this  Act  shall  be  deemed  to  be  in  addition  to  and  not  Seservation 
in  derogation  of  any  other  powers  conferred  on  any  local  or  harbour  authority  by  ^^  ^^^2mu 
Act  of   Parliament,   law,   or  custom,   and  every  local  authority  and   harbour  ^^|^  to 
authority  may  exercise  such  other  powers  in  the  same  manner  as  if  this  Act  had  inflammable 
not  passed ;  and  nothing  in  this  Act  contained  shall  be  deemed  to  exempt  any  substances, 
person  from  any  penalty  to  which  he  would  otherwise  be  subject  in  respect  of  a 
nuisance. 

17.  The  Acts  mentioned  in  Schedule  Two  to  this  Act  are  hereby  repealed  to  Repeal  of 
the  extent  in  that  schedule  mentioned.  ^^^' 

Provided  that  such  repeal  shall  not  affect  any  Order  in  Council  made,  or  any 
license  granted,  under  any  Act  hereby  repealed,  or  any  liability  or  penalty  incurred 
in  respect  of  any  offence  committed  before  the  passing  of  this  Act,  or  any  remedy 
or  proceeding  for  enforcing  such  liability  or  penalty,  and  every  such  order,  so  far 
as  relates  to  the  matters  provided  for  by  this  Act,  and  every  such  license,  shall 
have  effect  as  if  it  had  been  made  or  granted  under  this  Act. 

18.  This  Act  shall  continue  in  force  until  the  first  day  of  October,  One  thousand  I>aration  of 
eight  hundred  and  seventy-two,  and  no  longer.  ^^' 

In  1879,  a  short  Act  was  passed  to  legalise  the  Abel  system  of 
testing,  and  to  substitute  a  test  standard  of  73°  F.  for  the  standard  of 
100"  F.,  the  new  system  of  testing  being  found  to  afford  a  lower  flash- 
ing point,  with  a  given  sample  of  oil,  to  an  extent  corresponding  with 
that  diflference  in  temperature.  This  Act,  which  also  provided  for  the 
continuance  of  the  previous  Act,  is  given  in  full,  with  the  exception 
of  the  schedules  prescribing  the  mode  of  testing,  and  specifying  the 
portion  of  the  Act  of  1871  repealed.  The  schedule  describing  the 
mode  of  testing  is  given  on  pp.  556  to  559. 
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Chap.  47. 

A.D.,  1870.  An  Act  to  coDtiniia  and  amend  the  Petroleum  Act,  1871. 

[llth  August,   1879.] 

Be  it  enacted  by  the  Queen*8  most  Excellent  Majesty,  by  and  with  the  advice  and 
consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present  Parlia- 
ment assembled,  and  by  the  authority  of  the  same,  as  follows : — 
abort  title        1*  This  Act  may  be  cited  as  the  Petroleum  Act,  1879. 

and  ooo-  This  Act  shall  be  construed  as  one  with  the  Petroleum  Act,  1871,  and  together 

rtractkm  of  ^th  that  Act  may  be  cited  as  the  Petroleum  Acte,  1871  and  1879. 
84  A  85  Vict.      ^  Whereas  by  the  Petroleum  Act,  1871,  it  is  enacted  that  the  term  "petrolemn 
c.  106.  to  which  this  Act  applies  "  means  such  of  the  petroleum  defined  by  that  Act  as, 

AltoratioD  when  tested  in  manner  set  forth  in  Schedule  One  to  that  Act,  gives  off  an  in- 
of  t«st.  ^  flammable  vapour  at  a  temperature  of  less  than  one  hundred  degrees  of  Fahrenheit's 
^ii^^^^^  thermometer,  and  it  is  expedient  to  alter  the  said  test:  Be  it  therefore  enacted 

•  that— 

34 A 85  Vict.  In  the  Petroleum  Act,  1871,  the  term  "petroleum  to  which  this  Act  applies  " 
e.  105.  shall  mean  such  of  the  petroleum  defined  oy  section  three  of  that  Act  as,  when 

tested  in  manner  set  forth  in  Schedule  One  to  this  Act,  gives  off  an  inflammable 
vapour  at  a  temperature  of  less  than  seventy-three  degrees  of   Fahrenheit's 
thermometer. 
34  A  85  Vict.      Every  reference  in  the  Petroleum  Act,  1871,  to  Schedule  One  to  that  Act  shall 
c.  105.  \^  construed  to  refer  to  Schedule  One  to  this  Act. 

Verification  3.  A  model  of  the  apparatus  for  testing  petroleum,  as  described  in  Schedule 
«*t«tapi>a-  One  to  this  Act,  shall  be  deposited  with  the  Board  of  Trade,  and  the  Board  of 
"^  Trade  shall,  on  payment  of  such  fee,  not  exceeding  five  shillings,  as  they  from 

time  to  time  prescribe,  cause  to  be  compared  with  such  model  and  verified  every 
apparatus  constructed  in  accordance  with  Schedule  One  to  this  Act  which  is 
rabmitted  to  them  for  the  purpose,  and  if  the  same  is  found  correct  shall  stamp 
the  same  with  a  mark  approved  of  by  the  Board  and  notified  in  the  London 
Gasette. 

An  apparatus  for  testing  petroleum  purporting  to  be  stamped  with  the  said 
mark  shall,  until  the  contrary  is  proved,  be  deemed  to  have  been  verified  by  the 
Board  of  Trade. 

All  fees  under  this  section  shall  be  paid  into  the  Exchequer. 
ikynUnn-  4.  The  Petroleum  Act,  1871,  shall  continue  in  force  until  otherwise  directed  by 

as  Vi2t  ^  *  Parliament 

cTici.  ^'  ^^^^  ^^^  tihall  come  into  operation  on  the- thirty-first  day  of  December,  one 

Commence,  thousand  eight  hundred  and  seventy-nine,  which  day  is  in  this  Act  referred  to  as 
mentof  Act.  the  commencement  of  this  Act. 
Bepeal  of  6.  The  Petroleum  Act,  1871,  shall  be  repealed  after  the  commencement  of  this 

part  of  Act  to  the  extent  in  the  third  column  of  the  Second  Schedule  to  this  Act 

J*f^Vlct.„g^^i^,jjed 

Provided  that  any  sample  of  petroleum  taken  before  the  commencement  of  this 

34  &  35  Vict.  Act  shall  be  tested  in  manner  set  forth  in  Schedule  One  to  the  Petroleum  Act, 

c.  105.  1871,  and  any  offence  committed  before  the  commencement  of  this  Act  shall  be 

prosecuted,  and  any  investigation,  legal  proceeding,  or  remedy  in  relation  to  such 

offence,  or  to  any  act  done  before  the  commencement  of  this  Act,  shall  be 

instituted,  carried  on,  and  have  effect  as  if  the  provisions  of  this  Act,  other  than 

34  A  86  Vict,  those  continuing  the  Petroleum  Act,  1871,  had  not  been  passed, 
c.  105. 

After  the  Act  of  1879  was  passed,  it  was  decided  by  the  Court  of 
Queen's  Bench  (Coleman  v.  Goldsmith,  43  J. P.,  p.  718,  8th  November, 
1881)  that  a  cart  could  not  be  licensed  under  the  Act  of  1871  as  a 
"place"  for  keeping  petroleum  to  which  the  Act  applies,  and  that 
such  petroleum  could  not  be  hawked  in  a  cart  otherwise  than  in  pur- 
suance of  a  license  under  the  Act.  Accordingly,  the  following  Act 
was  passed  in  1881 : — 
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Chap.  67. 

An  Act  to  regulate  the  hawking  of  Petroleum  and  other  substanoes  of  a  like  A.D.,  1881. 
nature.  [27th  August,  1881.]       

Be  it  enacted  by  the  Queen's  most  Excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present 
Parliament  assembled,  and  by  the  authority  of  the  same,  as  follows  : 

1.  Any  person  who  is  licensed  in  pursuance  of  the  Petroleum  Act,  1871}  to  Power  to 
keep  petroleum  to  which  that  Act  applies  may,  subject  to  the  enactments  for  the  ^f^| 
time  being  in  force  with  respect  to  hi&wkers  and  pedlars,  hawk  such  petroleum  by  MASsykit. 
himself  or  his  servants.  c.  105. 

2.  With  respect  to  the  hawking  of  petroleum  to  which  the  Petroleum  Act,  f^^^^**}?** 
1871,  applies,  the  following  regulations  shall  be  observed  :  Mtrcfei^* 

(1)  The  amount  of  petroleum  conveyed  at  one  time  in  any  one  carriage  shall  not 
exceed  twenty  gallons : 

(2)  The  petroleum  shall  be  conveyed  in  a  closed  vessel  so  constructed  as  to  be 
free  from  leakage : 

(3)  The  carriage  in  which  the  vessels  containing  the  petroleum  are  conveyed 
shall  be  so  ventilated  as  to  prevent  any  evaporation  from  the  petroleum  mixing 
with  the  air  in  or  about  the  carriage  in  such  proportion  as  to  produce  or  be  liable 
to  produce  an  explosive  mixture : 

(4)  Any  fire  or  light  or  any  article  of  an  explosive  or  highly  inflammable  nature 
«hall  not  be  brought  into  or  dangerously  near  to  the  carriage  in  which  the  vessels 
containing  the  petroleum  are  conveyed  : 

(5)  The  carriage  in  which  the  vessels  containing  the  petroleum  are  conveyed 
shall  be  so  cons^ucted  or  fitted  that  the  petroleum  cannot  escape  therefrom  in 
the  form  of  liquid,  whether  ignited  or  otherwise : 

(6)  Proper  care  shall  be  taken  to  prevent  any  petroleum  escaping  into  any  part 
of  a  house  or  building,  or  of  the  curtilage  thereof,  or  into  a  drain  or  sewer : 

(7)  The  petroleum  shall  be  stored  m  some  premises  licensed  for  keeping  of 
petroleum  and  in  accordance  with  the  license  for  such  premises  both  every  night 
and  also  when  the  petroleum  is  not  in  the  course  of  being  hawked  : 

(8)  All  due  precautions  shall  be  taken  for  the  prevention  of  accidents  by  fire  or 
explosion,  and  for  preventing  unauthorised  persons  having  access  to  the  vessels 
containing  the  petroleum,  and  every  person  concerned  in  hawking  the  petroleum 
shall  abstain  from  any  act  whatever  which  tends  to  cause  fire  or  explosion,  and  is 
not  reasonably  necessary  for  the  purpose  of  such  hawking : 

(9)  No  article  or  substance  of  an  explosive  or  intiammable  character  other  than 
petroleum,  nor  any  article  liable  to  cause  or  communicate  tire  or  explosion,  shall 
be  in  the  carriage  while  such  carriage  is  being  used  for  the  purpose  of  hawking 
petroleum : 

In  the  event  of  any  contravention  of  this  section  with  reference  to  any  petro- 
leum, the  petroleum,  together  with  the  vessels  containing  and  the  carriage  con- 
veying  the  same,  shall  be  liable  to  be  forfeited,  and  in  addition  thereto  the  licensee 
by  whom  or  by  whose  servants  the  petroleum  was  being  hawked  shall  be  liable  on 
summary  conviction  to  a  penalty  not  exceeding  twenty  pounds. 

Provided  that — 

(1)  Where  some  servant  of  the  licensee  or  other  person  has  in  fact  committed 
the  offence,  such  servant  or  other  person  shall  be  liaole  to  the  same  penalty  as  if 
he  were  the  licensee : 

(2)  Where  the  licensee  is  charged  with  a  contravention  of  this  section,  he  shall 
be  entitled  ux>on  information  duly  laid  by  him  to  have  any  other  person  whom  he 
charges  as  the  actual  offender  brought  before  the  court  at  the  time  appointed  for 
hearing  the  charge,  and  if  the  licensee  proves  to  the  satisfaction  of  the  court  that 
he  had  used  due  diligence  to  enforce  the  execution  of  this  section,  and  that  the 
said  other  person  had  committed  the  offence  in  question  without  his  knowledge, 
consent,  or  connivance,  the  said  other  person  shall  be  summarily  convicted  of  such 
offence,  and  the  licensee  shall  be  exempt  from  any  penalty. 

Any  petroleum  other  than  that  to  which  the  Petroleum  Act,  1871,  appUes 
while  in  any  carriage  used  for  the  hawking  of  petroleum  to  which  the  PefaxJCwim 


744  STATUTORY  AND  OTHER  REGULATIONS. 

Act,  1871|  applies,  shall  for  the  purposes  of  this  section  be  deemed  to  be  petroleom 

to  which  the  Petroleum  Act,  1871,  applies. 
j^iy*^  3.  Any  conditions  annexed  to  a  license  granted  in  pursuance  of  the  Petroleam 

^S(^^'  Act,  1871,  either  before  or  after  the  passing  of  this  Act,  shall,  so  far  as  they  are 
Uoenie  inconsistent  with  this  Act,  be  void,  but  save  as  aforesaid  nothing  in  this  Act  sbaO 

under  affect  the  application  to  a  licensee  of  the  provisions  of  the  Petroleum  Act,  1971, 

^^?*^**'*"  or  of  any  license  granted  thereunder. 

.^^  '  4.  Where  a  constable  or  any  officer  authorised  by  the  local  authority  has 

jjJlJ^g  reasonable  cause  to  believe  that  a  contravention  of  this  Act  is  being  committed  in 
as  to  pre-  relation  to  any  petroleum,  he  may  seize  and  detain  such  petroleum  and  the  vessels 
vcoticm  of  and  carria^^e  containing  the  same,  until  some  court  of  summary  jurisdiction  has 
offences.       determined  whether  there  was  or  not  a  contravention  of  this  Act,  and  section 

thirteen  of  the  Petroleum  Act,  1871,  shall  apply  to  such  constable  and  officer  as 

if  he  were  the  person  named  in  the  warrant  mentioned  in  that  section,  and  as  if 

the  seizure  were  a  seizure  in  pursuance  of  that  section, 
flaring  of  5.  Nothing  in  this  Act  contained  shall  extend  to  authorise  the  hawking  of 

m^iAiLi     P®*'^®!®^™  within  the  limits  of  any  municipal   borough  in  which,  by  any  lawful 
})ogifuJS.     AQthonty,  such  hawking  shall  have  been  or  may  hereafter  be  forbidden. 

6.  For  the  purposes  ot  this  Act — 
Deflnltioni.       The  expression  '*  carriage"  includes  any  carriage,  waggon,  cart,  truck,  vehicle, 

or  other  means  of  conveyance  by  land,  in  whatever  manner  the  same  may  be 

drawn  or  propelled ;  and 
A  person  shall  be  deemed  for  the  purposes  of  this  Act  to  hawk  petroleum  if  by 

himself  or  his  servants  he  goes  about  carrying  petroleum  to  sell,  whether  going 

from  town  to  town  or  to  other  men's  houses,  or  selling  it  in  the  streets  of  the 

place  of  his  residence  or  otherwise,  and  whether  with  or  without  any  horse  or 

^y^OT^'*    other  beast  bearing  or  drawing  burden. 

stmction  of      7.  This  Act  may  be  cited  as  the  Petroleum  (Hawkers)  Act,  1881. 

Act.  This  Act  shall  be  construed  as  one  with  the  Petroleum  Acts,  1871  and  1879, 

84  A  86  Vict,  and  together  with  those  Acts  may  be  cited  as  the  Petroleum  Acts,  1871  to  1881. 
e.  106. 

eUt^^^'  After  the  passing  of  the  Petroleum  Act,  1879,  the  following  memor- 
andum, with  drawings  of  the  testing  instrument,  was  issued  by  the 
Standards  Office  of  the  Board  of  Trade,  this  department  being  empow- 
ered to  standardise  the  instruments  to  be  placed  in  the  hands  of  the 
inspectors  appointed  under  the  Act : — 

PETROLEUM  ACT,  1879. 


Regulations  as  to  Construction  and  Verification  of  Apparatus 

FOR  Testing  Petroleum. 


Form  of  Apparatiis. 

1.  Every  apparatus  should  be  a  copy,  in  form  as  well  as  in  materials,  of  the 
model  deposited  with  this  Board.  The  form  and  dimensions  of  such  model  are 
shown  on  the  accompanying  diagrams. 

2.  No  greater  deviation  than  two  one-hundredths  (0*02)  of  an  inch  should  be 
made  in  the  dimensions  of  the  slide  and  the  square  holes  on  the  cover  of  the  oil 
cup.  In  other  parts  of  the  apparatus  a  deviation  of  one-tenth  of  an  inch  will  be 
allowed. 

Thermometers, 

3.  Thermometers  should  be  carefully  graduated,  as  shown  in  plate  [see  Fig.  205]. 

Name  Plate  on  certain  ApparcUus. 

4.  Apparatus  required  for  the  use  of  any  Local  Authority  under  the  Petroleun^ 
Acts,  snould  have  the  name  of  such  Local  Authority  engraved  on  the  front  of  the 
apparatus. 


BRITISH.  745 

Delivery  of  Apparatus, 

5.  Apparatus  should  be  delivered  at  this  Office  l>etween  10  a.m.  and  1  p  ra.  A 
written  application  or  request  »houId  be  scut  with  the  apparatus,  and  when  its 
comparison  is  completed,  due  notice  will  he  sent  to  the  applicant. 

£ach  apparatus  should  be  packed  in  a  deal  or  mahuj^any  box. 

Fee  of  Verification. 

6.  On  the  verification  of  each  apparatus  a  fee  of  five  shillings  will  be  charged. 

Mark  of  Verification. 

7.  The  mark  of  verification  approved  by  the  Board  of  Trat'e  and  notified  in  the 
London  Gazette,  is  of  the  following  design  : — 

V  R 


1880 

PendtUum. 

8.  A  model  of  the  lead  line  or  pendulum  used  with  this  apparatus  may  be  seen 
at  this  Office. 

Board  of  Trade, 

standards  office, 

7  Old  Palace  Yard,  Westminster, 
1st  January,  1880. 

MUNICIPAL  REGULATIONS. 

The  London  County  Council  is  the  Local  Authority  under  the 
Petroleum  Acts  for  the  Metropolis,  outside  of  the  area  over  which 
the  Corporation  of  the  City  of  London  has  jurisdiction.  A  report  on 
the  industries  carried  on  in  London,  in  which  "  petroleum  '^  (as  defined 
in  the  Acts  of  1871  to  1881)  is  employed  under  license,  was  drawn  up 
for  the  Council  in  1890  by  Mr.  Alfred  Spencer,  Chief  Officer  of  the 
Public  Control  Department,  and  is  here  appended,  together  with 
copies  of  the  forms  of  licenses  issued  ; — 

London  County  Council. 

Keport  as  to  licensed  premises  in  the  County  of  London,  upon 
which  petroleum,  under  the  Acts,  is  used  in  trade  or  manufacture. 

Presented  to  the  Sanitary  and  Special  Purposes  Committee,  14th 
November,  1890. 

PETROLEUM  ACTS. 

In  accordance  with  the  instructions  of  the  committee  at  their  meeting  on  the 
31st  October,  that  I  should  prepare  a  report  submitting  a  list  of  the  businesses 
carried  on  in  London  in  which  petroleum  spirit  is  used  in  manufacturing  processes 
or  otherwise,  1  have  to  report  as  follows : — 

The  following  is  a  list  of  the  businesses,  in  which  petroleum  is  so  used,  carried 
on  in  the  county  of  London  under  the  licenses  of  the  Council : — 
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Dry  CleaDers  (21  licensed  premises). 
Helmet  Manufactarers  (5  licensed  premises). 
Tennis  Shoe  ManufiEuitarers  (4  licensed  premises). 
Indiarubber  Manufacturers  (12  licensed  premises). 
Waterproof  Garment  Manufacturers  (41  licensed  premises). 
Glass  Silverers  (14  licensed  premises). 
Paint  Manufacturers  (6  licensed  premises). 
Glove  Cleaners  (41  licensed  premises). 

The  licenses  granted  in  respect  of  all  these  businesses  have  special  conditions 
attached,  with  a  view  to  safety,  and  in  some  cases  these  conditions  appear  to  be 
fully  adequate,  as  they  probably  reduce  the  danger  in  the  particular  processes 
carried  on  to  the  minimum.  In  some  of  the  businesses,  however,  it  may  oe  desir- 
able to  make  some  addition  to  the  existing  precautions. 

Whenever  mineral  spirit  or  its  infiammsbole  vapour  is  liable  to  be  present  in 
workrooms  in  dangerous  quantity,  the  following  precautions  should,  wherever 
possible,  be  adopted — 

(a)  The  workroom  should  be  a  detached  fireproof  building  on  a  level  with  the 
ground. 

{b)  The  workroom  should  be  well  ventilated,  both  at  the  ground  and  ceiling 
levels. 

(c)  The  workroom  should  be  provided  with  doors  opening  outwards,  in  order  to 
facilitate  the  escape  of  the  workpeople  in  case  of  acciclent. 

(c^)  The  process  in  which  mineral  spirit  is  used  should  be  carried  on  in  closed 
vessels,  and  where  that  is  not  possible,  the  exi>osure  of  spirit  should  be  reduced 
to  a  minimum,  in  order  to  lessen  the  formation  of  inflammable  vapour. 

(e)  Such  artificial  light  as  would  ignite  inflammable  vapour  should  be  wholly 
•excluded  from  workrooms  in  which  mineral  spirit  is  used.  The  only  artificial 
light  allowed  should  be  incandescent  electric  light,  or  a  form  of  gas  light  where 
the  light  is  so  enclosed  as  not  to  be  in  contact  with  the  air  of  the  workroom. 

Taking  the  businesses  in  the  order  in  which  they  appear  in  the  above  list,  the 
first  to  be  dealt  with  is — 

1.  Dry  Cleaners. — In  this  business,  mineral  spirit  is  used,  generally  in  large 
quantity,  in  the  cleaning  of  dress  material  and  other  substances.  The  spirit  is 
kept  in  specially  constructed  stores,  and  the  cleaning  takes  place  in  specially  con- 
stnicted  buildings. 

Practically  all  the  conditions  for  safety  already  indicated  are  insisted  on  by  the 
conditions  attached  to  licenses  granted  to  dry  cleaners  in  London. 

Formerly,  there  were  numerous  accidents  in  connection  with  this  business,  but 
for  the  pa«st  few  years,  since  the  adoption  of  the  indicated  precautions,  only  one 
fire  has  occurred  in  London  ;  and  fortimately,  on  account  of  the  isolation  of  the 
building  and  the  precautions  imposed  by  the  license,  no  fatality  or  even  personal 
injury  resulted,  nor  did  the  fire  extend  beyond  the  actual  building  in  which  it 
broke  out.  It  may  be  mentioned  as  an  instance  of  the  value  of  precautions  in 
businesses  of  this  nature,  that  on  one  of  the  dry  cleaner's  premises,  before  the 

E resent  stringent  conditions  were  insisted  upon,  the  cleaning  room  was  burnt  out 
ve  times  in  six  years;   but  that  since  the  adoption  of  these  precautions  some 
seven  years  since,  no  fire  has  occurred  on  the  premises. 

2.  Helmet  Manufacturers. — In  this  business,  a  quantity  of  petroleum  spirit,  in 
no  case  exceeding  45  gallons,  is  used  for  the  purpose  of  dissolving  indiarubber,  to 
form  a  solution  used  in  cementing  and  waterproofing  some  forms  of  helmets.  I  do 
not  consider  the  conditions  attached  to  licenses  for  premises  in  which  this  business 
is  carried  on  are  sufficiently  stringent.  Difficulty  was  experienced  in  obtaining 
adequate  arrangements  for  safety,  both  on  account  of  the  situation  and  construc- 
tion of  many  of  the  premises.  In  every  case,  however,  the  petroleum  spirit  is 
kept,  and  the  indiarubber  solution  is  nmde,  in  a  store  which  is  as  far  as  possible 
detached  from  the  workrooms.  The  solution  is  used  for  cementing  and  water- 
proofing helmets,  and  in  the  room  in  which  this  is  done,  as  well  as  in  the  place  in 
which  the  helmets  are  afterwards  dried,  a  considerable  amount  of  inflammable 
vapour  is  given  off.     This  vapour  is  to  some  extent  carried  off  by  ventilatioii,  but 
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at  present  artificial  light  is  used  in  some  of  the  workrooms ;  and,  looking  to  the 
recent  fatal  accident  at  a  helmet  manufacturer's  in  Cloth  Fair,  I  think  that  such  a 
method  of  lighting  should  no  longer  be  permitted.  No  special  provision  is  made 
upon  any  of  the  licensed  helmet  makers'  premises  for  the  escape  of  work-people  in 
case  of  accident,  and  the  Committee  may  consider  it  desirable  in  future  to  license 
only  premises  where  adequate  means  of  escape  have  been  provided.  I  may,  how- 
ever, point  out  that  no  serious  fire,  or  any  fire  involving  loss  of  life,  has  occurred 
in  recent  years  upon  any  of  the  licensed  premises.  The  recent  fatal  fire  on  Messrs. 
Kowley  &  Brock's  premises  (which  are  m  the  city  and  under  the  jurisdiction  of 
the  Corporation  of  London)  probably  arose  from  the  very  grossest  carelessness  and 
the  neglect  of  the  most  elementary  precautions.  An  uncorked  can  containing  a 
solution  of  naphtha  and  indiarubber  was  placed  in  the  drying  stove,  and  on  the 
door  of  the  stove  being  opened  a  volume  of  the  vapour  escaped  and  i^ted. 

Although  no  accident  can  be  traced  to  the  use  of  naked  lights  in  workrooms 
where  solution  is  used,  it  would  undoubtedly  reduce  the  danger  if  the  Council 
insisted  on  the  abolition  of  such  lights  and  the  substitution  of  the  incandescent 
electric  light  or  some  perfectly  safe  form  of  gas  lighting.  In  every  case  where  a 
drying  stove  by  fire  heat  is  used,  such  stove  should  unquestionably  be  separated 
from  the  workrooms  and  ventilated  into  the  external  air,  or  in  other  words,  it 
should  be  a  distinct  fire  risk. 

3.  Tennis  Shoe  Makers — In  this  trade,  an  indiarubber  solution  is  used  for 
cementing  indiarubber  soles  to  the  uppers.  The  danger  and  the  conditions  are 
very  similar  to  those  in  the  case  of  helmet  makers,  and  whatever  the  Committee 
decide  as  to  the  one  trade  should  be  applied  to  the  other. 

4.  Indiarubber  Manufacturers. — In  this  trade,  indiarubber  in  bulk  is  dissolved 
in  mineral  spirit,  and  then  mixed  with  other  ingredients  to  form  a  plastic  sub- 
stance, which  is  worked  up  into  various  forms  of  indiarubber  goods. 

I  think  the  arrangements  for  the  storage  of  the  naphtha  and  for  dissolving  the 
rubber  are  probably  adequate  at  all  the  premises  under  the  Council's  license. 
After  being  taken  out  of  the  vessels  in  which  it  is  dissolved,  the  indiarubber  is  of 
the  consistency  of  dough,  and  it  is  so  termed  by  the  trade.  It  subsequentlv  passes 
through  a  variety  of  machines,  for  manufacture  into  different  articles,  and  during 
these  processes  some  inflammable  vapour  is  given  off,  but  probably  not  in  sufiScient 
quantities  to  be  liable  to  ignition.  I  recommend  the  Committee  to  in  future  attach 
a  condition  excluding  fires  and  unsafe  forms  of  artificial  lighting,  not  only  in  the 
stores  and  mixing  rooms  as  at  present,  but  also  in  any  workroom  where  there  is  a 
liability  to  the  presence  of  inflammable  vapour. 

5.  Waterproof  Garment  Makers. — This  business  is  sometimes  conducted  on  a 
very  largo  scale  in  very  large  buildings,  and  in  others  on  a  small  scale,  and  some- 
times in  dwellings.  No  matter  how  many  or  how  few  hands  are  at  work,  each  of 
them  requires  a  small  quantity  of  solution  and  a  small  quantity  of  spirit.  This  is 
used  for  cementing  the  seams  of  the  garments  to  be  manufactured,  and  as  there  is 
but  a  small  amount  of  vapour  siven  off  in  the  operations  of  each  work-person,  it 
is  only  where  a  large  number  of  work-people  are  employed  in  one  room  tnat  there 
is  a  liability  to  the  formation  of  a  large  amount  of  inflammable  vapour.  The  two 
points  for  the  consideration  of  the  Committee  appear  to  be — 

(1.)  Whether  fires  and  exposed  artificial  light  should  not  be  prohibited  in  all 
such  workrooms. 

(2.)  Whether  facilities  for  escape,  in  case  of  accident,  should  not  be  insisted 
upon,  wherever  a  considerable  number  of  hands  are  employed  in  one  building. 

By  requiring  both  the  solution  and  the  naphtha  to  be  used  from  suitable  vessels, 
and  by  regulating  the  storage  of  the  naphtha  and  the  mixing  of  the  solution,  the 
Council  has  reduced  the  danger  in  these  places  ;  but  the  other  points  indicated  are 
matters  for  serious  consideration.  I  may  point  out,  however,  that  there  might  be 
great  difficulty  in  the  case  of  the  smaller  makers,  and  of  the  work-people  who 
carry  on  this  business  in  their  own  homes,  in  providing  a  special  artificial  light,  or 
special  means  of  heating  the  rooms. 

6.  Glass  Silverers. — In  this  business  mineral  spirit  is  used  in  the  manufacture 
of  the  paint  which  covers  the  back  of  silvered  glass.  The  spirit  is  usually  kept 
and  the  paint  mixed  in  the  basement  of  the  building  where  the  business  is  earried 
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on,  and  it  has  been  impracticable  to  obtain  in  such  cases  external  places  for  the 
storage  and  the  mixing.  There  is  probably  little  danger  in  the  process  of  applying 
the  paint  to  the  elaM;.and  the  point  for  the  consideration  of  the  Committee 
appears  to  be  whetner  in  future  the  storage  and  mixing  should  be  allowed  in  the 
building  in  which  the  workrooms  are  situated. 

7.  Glove  Cleaning. — In  this  business  only  small  quantities  of  mineral  spirit  are 
used,  and  in  a  large  number  of  cases  the  trade  is  so  small  that  it  can  be  carried 
on  under  the  exemption  contained  in  section  7  of  the  Petroleum  Act,  1871,  which 
permits  three  gallons  of  spirit  to  be  kept  without  a  license,  provided  it  is  kept  in 
stoppered  bottles  which  contain  not  more  than  1  pint.  The  practice  in  London 
is  that,  where  only  one  of  these  bottles  is  open  at  a  time,  no  license  is  necessary, 
but  whenever  any  larger  quantity  than  1  pint  is  opened  for  use  at  one  time,  a 
license  is  requisite.  Although  the  quantity  of  petroleum  used  in  glove  cleaning 
is  small,  there  is  a  considerable  escape  of  inflammable  vapour,  and  consequent 
danger.  Upon  every  premises  licensed  by  the  Council,  glove  cleaning  is  required 
to  he  carried  on  in  buildings  either  detached  or  external  to  the  house  or  shop, 
and  the  presence  of  a  tire  or  artificial  light  is  forbidden.  It  is  probably  unneces- 
sary to  add  to  the  restrictions  already  imposed  on  this  business. 

In  addition  to  the  foregoing,  there  are  also  a  few  other  businesses  in  which 
petroleum  spirit  is  used,  and  which  are  under  the  license  of  the  Council,  as 
follows : — 

One  bone  boiler. 
,,    bedstead  manu£BM;turer. 

photographic  chemical  manufacturer. 

manutocturins^  chemist. 

brassfitter  (asbestos  packing). 

paraffin  scale  maker. 

electrician  (four  licenses). 

colour  printing  works. 


>» 
>» 

it 
»» 


I  believe  the  conditions  imposed  in  each  of  the  above  cases  are  adequate  for 
safety. 

The  only  remaining  trade  in  which  it  is  known  that  petroleum  spirit  is  used,  is 
that  of  toy  balloon  maker.  Two  premises  upon  which  this  trade  is  carried  on 
are  licensed,  and  at  each  5  gallons  may  be  kept.  In  both  cases,  the  store  is  a 
sunk  pit  in  the  garden  at  rear  of  the  dwelling,  and  this  method  is  quite  safe. 
The  spirit  is,  however,  taken  in  quantities  not  exceeding  half  a  gallon,  into  a 
workroom  in  the  upper  part  of  the  dwelling,  where  it  is  put  into  an  open  vessel, 
into  which  the  indiarubber  is  dipped.  No  fire  or  light  is  allowed  in  this  room, 
and  the  work  is  done  with  open  windows,  and  it  is  probable  that  no  further  pre- 
caution can  be  adopted,  except  to  require  that  the  work  be  done  in  outbuildings 
only.  The  licensees  are,  however,  so  poor,  that  they  are  unable  to  provide  these. 
These  premises  have  been  under  license  for  some  years,  and  the  inspector  reports 
that  he  has  always  found  the  business  conducted  with  care. 


London  County  Council. 


Petroleum  Acts,  1871  to  1881. 


Abstract  of  the  Rkoulations  as  to  the  Kkkfino,  Sale,  Conveyance,  and 

Hawking  of  Petroleum  in  the  Metropolis. 

This  Abstract  has  no  legal  validity,  and  is  intended  only  for  the  information  and 
guidance  of  the  persons  concerned.  For  further  information  reference  should  he 
made  to  the  Petroleum  Acts,  1871  and  1879,  and  to  (he  Petroleum  {Nawkers)  Act, 
1881. 
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General. 

1.  Petroleum  to  which  the  Acts  apply  means  **any  rock  oil,  Raoffoon  oil,  Burmah  Definition 
oil,  oil  made  from  petroleum,  coal,  schist,  shale,  peat,  or  other  oituminous  sub-  o'petro- 
stance,  and  any  products  of  petroleum,  or  any  of  the  above-mentioned  oils,"  which,  ^^3  x87i. 
when  tested  in  the  prescribed  manner,  give  off  an  inflammable  vapour  at  a  tem-       '   ' 
perature  of  less  than  73  degrees  of  Fahrenheit's  thermometer. 

2.  Throughout  this  Abstract,  petroleum  to  which  the  Acts  apply  is  called  Sec.  2, 1879, 
**  Petroleum,"  and  all  other  petroleum  is  called  **  Petroleum  Oil."  and  Sched- 

3.  Where  petroleum  is —  ®  * 
(a)  Kept  at  any  place  (except  during  the  seven  days  next  after  importation) ; 

or, 

(6)  Sold  or  exposed  for  sale — 

The  vessel  containing  it  shall  have  a  label  stating,  in  conspicuous  characters.  Labelling 
the  description  of  petroleum,  with  the  addition  of  the  words  "highly  inflam-  vessels, 
mable. "  and  also  the  name  and  address  of  the  owner  or  vendor.  ^®^*  ®» ^^^' 

4.  Petroleum  can  only  be  kept  in  pursuance  of  a  license  granted  by  the  Keeping 

Council—  K*^^*JS* 

With  the  exception  that  not  exceeding  3  gallons  may  be  kept  in  separate  glass,  • 

earthenware,  or  metal  vessels,  securely  stopped,  each  of  which  must  not  contain 
more  than  1  pint. 

Licenses, 

5.  Application  to  the  Council  for  a  Petroleum  License  must  be  made  upon  the  Applica- 
form  provided  for  the  purpose,  which  can  be  obtained  by  application  in  writing,  S^*°P'{o7, 
addressed  to  the  Chief  Officer,  Public  Control  Department  of  the  London  County     ^'   ' 
Council,  Spring  Gardens. 

6.  Every  application  must  be  accompanied  by  a  fee  of  five  shillings  in  money.  Fees. 

or,  if  sent  through  the  post,  by  Cheque  or  Post  Office  Order  payable  to  the  order  Sec.  9, 1871. 
of  the  London  County  Council.     The  fee  will  be  returned  to  the  applicant  if  the 
Council  does  not  grant  a  license. 

7.  Where  the  application  is  for  a  license  to  store  50  gallons  of  petroleum  or  Plans, 
more,  there  must  also  be  sent  a  plan,  drawn  to  the  scale  of  one-eighth  of  an  inch  ^^'  o>  ^871. 
to  a  foot,  and  showing  the  proposed  place  and  means  of  storage,  and  also  showing 

the  buildings,  &c.,  within  50  feet  of  such  place. 

8.  Every  application  must  state —  Particalara 
(a)  The  quantity  of  petroleum  which  the  applicant  desires  to  keep,  in  appli- 
(6)  The  proposed  place  and  method  of  storage.  cation. 

9.  Petroleum  should,  whenever  possible,  be  stored  in  one  of  the  following  Mode  of 
methods:—  storage. 

(a)  In  a  strong  metal  tank  sunk  into  the  ground  at  a  suitable  place,  and  covered 
with  earth  or  concrete.  The  tank  to  have  no  openings  but  for  the  pipes  through 
which  the  petroleum  is  pumped. 

(6)  In  a  concrete,  stone,  brick,  or  iron  store  (partiallv  sunk  into  the  ground 
where  possible),  the  lower  part  so  constructed  as  to  form  a  tank  capaole  of 
receiving,  in  case  of  accident,  all  the  petroleum  contained  in  the  store.  The  store 
to  be  ventilated  sufficiently  to  prevent  the  accumulation  therein  of  an  inflammable 
vapour,  and  all  ventilated  openings  to  be  protected  by  strong  wire  gauze. 

The  Council,  however,  grant  licenses  to  keep  quantities  not  exceeding  10  gallons 
of  petroleum  in  yards  or  other  suitable  situations,  on  condition  that  a  place  of 
storage  having  a  superficial  area  measuring  at  least  5  feet  by  5  feet  is  provided, 
and  is  exclusively  appropriated  to  the  purpose,  and  that  such  place  of  storage  is 
not  within  any  inhaoited  building. 

In  cases  where  the  foregoing  methods  of  storage  cannot  be  adopted,  the  Council 
may  grant  licenses  under  special  conditions,  provided  the  m*.ans  of  storage  proposed 
are  considered  satisfactory, 

10.  The  following  are  the  usual  general  conditions  contained  in  Petroleum  General 
licenses  panted  by  the  Council : —  conditions 

(1)  {The  first  condition  describes  the  place  and  method  of  storage  sanctioned  at  the  sec  fil^m. 
particular  premises  licensed,) 

(2)  That  the  place  of  storage  aforesaid  be  in  all  respects  kept  and  maintained  in 
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the  same  condition  that  it  was  in  when  inspected  by  an  authorised  officer  of  the 
Council  last  before  the  granting  of  the  license. 

(3)  That  there  be  no  fire,  forffe,  furnace,  or  similar  source  of  danger,  or  any 
storage  of  explosive  substance  within  20  feet,  or  of  highly  inflammable  material 
within  10  feet,  of  such  place  of  storage,  unless  separated  therefrom  by  a  wall  or 
screen  of  sufficient  strength  and  height  to  prevent  the  communication  of  fife. 

(4)  That  no  substance  other  than  petroleum  be  deposite<l  or  kept  in  the  place 
described  in  the  first  condition  of  the  license. 

(5)  That  the  petroleum  be  exclusively  contained  in  strong  metal  vessels,  the 
openings  to  which  are  covered  with  fine,  wire  gauze,  and  fitted  with  screw  caps, 
and  with  secure  taps  so  constructed  and  connected  as  to  prevent  leakage  or  the 
escape  of  vapour;  and  that  such  vessels  and  taps  be  kept  in  thoroughly  good 
order. 

(6)  That  there  be  kept  painted  in  conspicuous  characters  on  every  storage  vessel 
containins;  petroleum,  the  description  of  petroleum,  with  the  addition  of  the  words, 
"highly  inflammable." 

(7)  That  petroleum  be  only  conveyed  to  or  from  the  licensed  premises  in  closed 
vessels,  so  constructed  as  to  be  entirely  free  from  leakage. 

(8)  That  no  petroleum  be  conveyed  to  or  from  the  licensed  premises  in  a  vehicle 
in  which  gunpowder  or  other  article  likely  to  cause  fire  or  explosion  is  also  carried. 

(9)  That  petroleum  be  only  received  in  or  supplied  from  the  licensed  premises 
between  sunrise  and  sunset ;  and  that  no  artificial  light  or  fire,  or  article  likely  to 
cause  fire,  be  at  any  time  taken  into  or  near  the  place  of  storage. 

(10)  That  the  vessels  containing  petroleum  be  only  opened  upon  the  licensed 
premises  at,  or  immediately  adjoming,  the  place  of  storage,  and  for  the  time 
necessary  for  drawing  off  the  petroleum ;  and  that  during  such  drawing  off  every 
reasonable  precaution  be  taken  for  preventing  the  escape  of  petroleum  or  the 
vapour  therefrom. 

(11)  That  all  petroleum  received  upon  the  premises  be  at  once  taken  to  the 
place  of  storage,  and  that  petroleum  taken  from  the  place  of  storage  for  delivery 
or  otherwise,  be  at  once  removed  from  the  premises. 

(12)  That  the  licensee  do  take  effectual  precautions  for  preventing  unauthorised 
persons,  and  all  persons  under  the  age  of  fifteen  years,  from  obtaming  access  to 
the  place  of  storage. 

(13)  That  not  less  than  a  bushel  of  sand  be  kept  with  every  vessel  in  which 
petroleum  is  stored,  and  that  some  portion  of  this  be  constantly  kept  immediately 
under  the  tap  of  the  vessel. 

(14)  That  due  precaution  be  at  all  times  taken  for  the  prevention  of  accident 
from  fire. 

(15)  That  every  authorised  officer  of  the  Council  be  at  all  times  allowed  free 
access  to  the  premises  of  the  licensee  for  the  purpose  of  ascertaining  if  the  above 
conditions  are  properly  observed,  and  that  the  licensee  do,  by  himself  or  his  repre- 
sentatives, give  any  assistance  for  that  purpose  which  such  officer  may  require. 

DoratiOD  of  11.  Licenses  are  granted  for  one  year  only,  and,  prior  to  expiration,  application 
sIm^q^iSTI  ™'***  ^  made  for  their  renewal.  Notice  of  the  expiration,  and  a  form  of  applica> 
*     '  *        '  tion  for  renewal,  is  sent  to  each  licensee  at  the  proper  time. 

Conveyance  of  Petroleum. 

Conveyance  12.  Where  jjetroleum  is  sent  or  conveyed,  the  vessel  containing  it  shall  have  a 
lew^^^  label  stating,  m  conspicuous  characters,  the  description  of  petroleum,  with  the 
Aec.  6, 1871.  addition  of  the  words,  "highly  inflammable,"  and  also  the  name  and  address  of 

the  sender. 

13.  Petroleum  conveyed  to  or  from  licensed  premises  must  be  conveyed  in 

accordance  with  the  conditions  of  the  license. 

Hawking  Petroleum. 

Hawking  14.  Any  person  allowed  to  keep  petroleum  may,  subject  to  the  enactments  as 

Ef|^^®^:  to  hawkers  and  pedlars,  and  to  the  following  regulations,  hawk  petroleum  by 
"*^  ^'  ^^^  Jumself  or  his  servants. 
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15.  Section  2  of  the  Petroleum  (Hawkers)  Act,  1881,  provides,  with  respect  to  Segolatioiui 
the  hawking  of  petroleum,  that  the  following  regulations  shall  be  observed : —         h"  ^ 

(1)  The  amount  of  petroleum  conveyed  at  one  time  in  any  one  carriage  shall  sea  2  W81. 
not  exceed  20  gallons. 

(2)  The  petroleum  shall  be  conveyed  in  a  closed  vessel,  so  constructed  as  to  be 
free  from  leakage. 

(3)  The  carriage  in  which  the  vessels  containing  the  petroleum  are  conveyed 
shall  be  so  ventilated  as  to  prevent  any  evaporation  from  the  petroleum  mixing 
with  the  air  in  or  about  the  carriage,  in  such  proportion  as  to  produce,  or  be  liable 
to  produce,  an  explosive  mixture. 

(4)  Any  fire  or  light,  or  any  article  of  an  explosive  or  highly  inflammable  nature, 
.shall  not  be  brought  into  or  dangerously  near  to  the  carriage  in  which  the  vessels 
containing  the  petroleum  are  conveyed. 

(5)  The  carriage  in  which  the  vessels  containing  the  petroleum  are  conveyed 
shall  be  so  constructed  or  fitted,  that  the  petroleum  cannot  escape  therefrom  in 
the  form  of  liquid,  whether  ignited  or  otherwise. 

(6)  Proper  care  shall  be  taken  to  prevent  any  petroleum  escaping  into  any  pari 
of  a  house  or  building,  or  of  the  curtilage  thereof,  or  into  a  drain  or  sewer. 

(7)  The  petroleum  shall  be  stored  m  some  premises  licensed  for  keeping  of 
petroleum,  and  in  accordance  with  the  license  for  such  premises,  both  every  night 
and  also  when  the  petroleum  is  not  in  the  course  of  being  hawked. 

(8)  All  due  precautions  shall  be  taken  for  the  prevention  of  accidents  by  fire  or 
explosion,  and  for  preventing  unauthorised  persons  having  access  to  the  vessels 
containing  the  i)etroleum,  and  every  person  concerned  in  hawking  the  petroleum 
shall  abstain  from  any  act  whatever  which  tends  to  cause  fire  or  explosion,  and 
is  not  reasonably  necessary  for  the  purpose  of  such  hawkinir. 

(9)  No  article  or  substance  of  an  explosive  or  inflammable  character  other  than 
petroleum,  nor  any  article  liable  to  cause  or  communicate  fire  or  explosion,  shall 
oe  in  the  carriage  while  such  carriage  is  being  used  for  the  purpose  of  hawking 
petroleum. 

When  petroleum  oil  is  in  a  carriage  used  for  hawking  petroleum,  such  petroleum 
oil  is  deemed  to  be  petroleum. 

Inspection, 

16.  Any  dealer  who  refuses  to  show  to  any  officer  authorised  by  the  Council,  Refusing 
every,  or  any  place,  or  all  or  any  of  the  vessels  in  which  petroleum  or  petroleum  ^'°{!S*^*J?* 
oil  in  his  possession  is  kept,  or  to  give  him  such  assistance  as  he  may  require  for  i^nff'offlcen 
examining  the  same,  or  to  give  to  such  officer  samples  of  such  petroleum  or  petro-  Sec.  12, 1871. 
leum  oil,  on  payment  of  the  value  of  such  samples,  or  who  wilfully  obstructs  the 
Council,  or  any  officer  of  the  Council,  in  the  execution  of  this  Act,  shall  incur  a 
penalty  not  exceeding  twenty  pounds. 

Alfred  Spencer, 

ChUf  Officer,  Public  Control  Department. 
SpRino  Gardens, 

Charing  Cross,  S.W. 

London  County  Council.  N0.90. 


(Store 


Petroleum  Acts,  1871  to  1881.  License.) 
Reg.  No^ 

PETROLEUM    LICENSE. 

Pursuant  to  the  provisions  of  the  Petroleum  Acts,  1871  to  1881,  the  London 
County  Council,  being  the  Local  Authority  for  the  Metropolis  under  the  said 
Acts  (except  as  therein  mentioned),  doth  hereby  at  the  request  of 

grant  License  to  for  the  period  of  twelve  calendar 

months  from  the  to  keep 

gallons  of  Petroleum,  to  which  the  Acts  apply,  and  as  deiined  in  the  said  Acts,  on 
the  premises  situate  at  in  the  parish  of 
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and  within  the  jurisdiction  of  the  said  Council,  subject  to  the  conditions  following, 
that  is  to  say — 

1.  That  the  petroleum  be  kept  only  in  a  store  substantially  constructed  entirely 
of  concrete,  stone,  brick,  or  iron,  and  having  a  fireproof  door  which  is  to  be  kept 
locked  at  all  times,  except  when  petroleum  is  being  placed  in  or  removed  from  the 
store  ;  that  such  store  be  not  within  any  building,  or  abutting  against  a  dwelling 
house ;  that  the  lower  part  of  such  store  be  so  constructed  as  to  form  a  tank 
capable  of  receiving  and  retaining,  in  case  of  accident,  all  the  petroleum  contained 
in  the  store  ;  that  the  store  be  ventilated  sufficiently  to  prevent  the  accumulation 
therein  of  an  inflammable  vapour,  and  that  all  ventilating  openings  be  protected 
with  strong  wire  gauze. 

2.  That  such  store  be  in  all  respects  kept  and  maintained  in  the  same  condition 
that  it  was  in  when  inspected  by  an  authorised  officer  of  the  Council  last  before 
the  granting  of  this  license. 

3.  That  there  be  no  fire,  forge,  furnace,  or  similar  source  of  danger,  or  any 
storage  of  explosive  within  20  feet,  or  of  highly  inflammable  material  within 
10  feet,  of  sucn  store,  unless  separated  therefrom  by  a  wall  or  screen  of  sufficient 
strength  and  height  to  prevent  the  communication  of  fire. 

4.  That  no  substance  other  than  petroleum  be  deposited  or  kept  in  the  store. 

5.  That  the  petroleum  bo  exclusively  contained  in  strong  metal  vessels,  the 
openings  to  which  are  covered  with  fine  wire  gauze  and  fitted  with  screw  ca])s, 
and  with  secure  taps,  so  constructed  and  connected  as  to  prevent  leakage  or  the 
escape  of  vapour  ;  and  that  such  vessels  and  taps  be  kept  in  thoroughly  good  order. 

6.  That  there  be  kept  painted  in  conspicuous  characters,  on  every  storafi;c  vessel 
containing  petroleum,  the  description  otpetroleum,  with  the  addition  of  the  words 
"highly  inflammable." 

7.  That  petroleum  be  only  conveyed  to  or  from  the  licensed  premises  in  closed 
vesselft  so  constructed  as  to  be  entirely  free  from  leakage. 

8.  That  no  petroleum  be  conveyed  to  or  from  the  licensed  premises  in  a  vehicle 
in  wliich  gunpowder  or  other  article  likely  to  cause  fire  or  explosion  is  also 
carried. 

9.  That  petroleum  be  only  received  in  or  supplied  from  the  licensed  premises 
between  sunrise  and  sunset ;  and  that  no  artificial  light  or  fire,  or  article  likely  to 
cause  fire,  be  at  any  time  taken  into  or  near  the  store. 

10.  That  the  vessels  containing  petroleum  be  only  opened  upon  the  licensed 

S remises  at,  or  immediately  adjoining,  the  store,  and  for  the  time  necessary  for 
rawing  off  the  petroleum ;  and  that  during  such  drawing  off'  every  reasonable 
precaution  be  adopted  for  preventing  the  escape  of  petroleum  or  the  vapour 
therefrom. 

11.  That  all  petroleum  received  upon  the  premises  be  at  once  taken  to  the 
store ;  and  that  ^letroleum  taken  from  the  store  for  delivery  or  otherwise,  be  at 
once  removed  from  the  premises. 

12.  That  the  licensee  do  take  effectual  precautions  for  preventing  unauthorised 
persons  and  all  persons  under  the  age  of  fifteen  years  from  obtaining  access  to  the 
store. 

13.  That  not  less  than  a  bushel  of  sand  be  kept  with  every  vessel  in  which, 
petroleum  is  stored  ;  and  that  some  portion  of  this  be  constantly  kept  immediately 
imder  the  tap  of  the  vessel. 

14.  That  due  precaution  l)e  at  all  times  taken  for  the  prevention  of  accident 
from  fire. 

15.  That  every  authorised  officer  of  the  Council  be  at  all  times  allowed  free 
access  to  the  premises  of  the  licensee,  for  the  purpose  of  ascertaining  if  the  above 
conditions  are  properly  observed  ;  and  that  the  licensee  do  by  himself  or  his  repre- 
sentatives give  any  assistance  for  that  purpose  which  such  officer  may  require. 

By  Order  of  the  Council, 

Clerk  of  the  CouneH. 

Section  9  of  the  Petroleum  Act,  1871,  provides  that  '*&ny  licensee  violating  any 
of  the  conditions  of  his  lioensa  shall  be  deemed  to  be  an  unlicensed  person. " 

2*hU  Iteeme  U  not  tratntferable. 
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London  County  Council.  vo,9i. 

__  (Storage 

FUuw 
Petroleum  Act»,  1871  to  1881.  Lioenie.) 

Seg.  No. 

PETROLEUM    LICENSE. 


Pursuant  to  the  provisions  of  the  Petroleum  Acts,  1871  to  1881,  the  London 
Coanty  Cooncil  doth  nereby,  at  the  request  of  M  grant 

License  to  for  the  period  of  twelve  calendar  months  from  the 

to  keep  gallons  of  petroleum  to  which  the 

Acts  apply,  and  as  defined  in  the  said  Acts,  on  the  premises  situate  at 

in  the  parish  of  and  within  the  County 

of  London,  subject  to  the  conditions  following,  that  is  to  say — 

1.  That  the  vessel  or  vessels  containing  the  petroleum  be  kept  in  a  place  of 
storage  having  a  superficial  area  measuring  at  least  5  feet  by  5  feet,  that  such 
place  of  storage  be  exclusively  appropriated  to  the  purpose,  and  that  it  be  not 
within  any  inhabited  building. 

2.  That  the  place  of  storage  aforesaid  be  in  all  respects  kept  and  maintained  in 
the  same  condition  that  it  was  in  when  inspected  by  an  authorised  officer  of  the 
Council  last  before  the  granting  of  this  license. 

3.  That  there  be  no  fire,  forge,  furnace,  or  similar  source  of  danger,  or  any 
storage  of  explosives  within  20  feet,  or  of  highly  inflammable  material  within 
10  feet,  of  such  place  of  storage,  unless  separated  therefrom  by  a  wall  or  screen 
of  sufficient  strength  and  height  to  prevent  the  communication  of  fire. 

4.  That  no  substance  other  than  petroleum  be  deposited  or  kept  in  the  place  of 
storage. 

5.  That  the  petroleum  be  exclusively  contained  in  strong  metal  vessels,  the 
openings  to  which  are  covered  with  fine  wire  gauze  and  fitted  with  screw  caps, 
and  the  vessels  fitted  with  secure  taps,  so  constructed  and  connected  as  to  prevent 
leakage  or  the  escape  of  vapour;  and  that  such  vessels  and  taps  be  kept  in 
thoroughly  good  order. 

6.  That  there  be  kept  painted  in  conspicuous  characters  on  every  storage  vessel 
containing  petroleum,  the  description  of  |)etroleum,  with  the  addition  of  the  words 
**  highly  inflammable." 

7.  That  petroleum  be  only  conveyed  to  or  from  the  licensed  premises  in  closed 
vessels,  so  constructed  as  to  be  entirely  free  from  leakage. 

8.  That  no  petroleum  be  conveyed  to  or  from  the  licensed  premises  in  a  vehicle 
in  which  gunpowder  or  other  article  likely  to  cause  fire  or  explosion  is  also 
carried. 

9.  That  petroleum  be  only  received  in  or  supplied  from  the  licensed  premises 
between  sunrise  and  sunset ;  and  that  no  artificial  light  or  fire,  or  article  likely  to 
cause  fire,  be  at  any  time  taken  into  or  near  the  place  of  storage. 

10.  That  the  vessels  containing  petroleum  be  only  opened  upon  the  licensed 
premises  at  or  immediately  adjommg  the  place  of  storage,  and  for  the  time 
necessary  for  drawing  off  the  petroleum,  and  that  during  such  drawing  off  every 
reasonable  precaution  be  adopted  for  preventing  the  escape  of  petroleum  or  the 
vapour  therefrom. 

11.  That  all  petroleum  received  upon  the  premises  be  at  once  taken  to  the 
place  of  storage  ;  and  that  petroleum  taken  from  the  place  of  storage  for  delivery 
or  otherwise,  DC  at  once  removed  from  the  premises. 

12.  That  the  licensee  do  take  effectual  precautions  for  preventing  unauthorised 
persons  and  all  persons  under  the  age  of  fifteen  years  from  obtaining  access  to  the 
place  of  storage. 

13.  That  not  less  than  a  bushel  of  sand  be  kept  with  every  vessel  in  which 
petroleum  is  stored,  and  that  some  portion  of  this  be  constantly  kept  immediately 
under  the  tap  of  the  vessel 

14.  That  due  precaution  be  at  all  times  taken  for  the  prevention  of  accident 
from  fire. 
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15.  That  every  anthoriBed  officer  of  the  Council  be  at  all  times  allowed  free 
access  to  the  premises  of  the  licensee,  for  the  purpose  of  ascertaining  if  the  above 
conditions  are  properly  observed ;  and  that  the  licensee  do,  by  himself  or  his 
representatives,  give  any  assistance  for  that  purpose  which  such  officer  may 
require. 

Section  9  of  the  Petroleum  Act,  1871,  provides  that  *'any  licensee  viol^iting 
any  of  the  conditions  of  his  license  shidl  be  deemed  to  be  an  unlicensed  person. " 

By  Order  of  the  Council, 


SPRina  OABDiirfl,  8.W. 

This  Ikefue  U  not  transferable, 

iro.92.  London  County  Council. 


Clerk  of  the  Council. 


Petroleum  Acts,  1871  to  1881. 


PETROLEUM    LICENSE. 

PuRSUAKT  to  the  provisions  of  the  Petroleum  Acts,  1871  to  1881,  the  London 
County  Council  doth  nereby,  at  the  request  of  M 

grant  License  to  for  the  period  of  twelve  calendar  months  from  the 

to  keep  gallons  of  Petroleum  to 

which  the  Acts  apply,  and  as  deGned  in  the  said  Acts,  on  the  premises  situate  at 

in  the  parish  of  and  within  the 

jurisdiction  of  the  said  Council,  subject  to  the  conditions  following,  that  is  to  say — 

1.  That  the  petroleum  be  kept  only  in 

2.  That  the  place  of  storage  aforesaid  be  in  all  respects  kept  and  maintained  in 
the  same  condition  that  it  was  in  when  inspected  by  an  authorised  Officer  of  the 
Council  last  before  the  granting  of  this  license. 

3.  That  there  be  no  fire,  forge,  furnace,  or  similar  source  of  danger,  or  any 
storage  of  explosives  within  feet,  or  of  highlv  inflammable  material  within 

feet,  of  such  place  of  storage,  unless  separatea  therefrom  by  a  wall  or  screen 
of  sufficient  strength  and  height  to  prevent  tne  communication  of  fire. 

4.  That  no  substance  other  than  petroleum  be  deposited  or  kept  in  the  place 
described  in  the  first  condition  of  this  license. 

5.  That*  unless  otherwise  specially  provided  for  in  the  first  condition  of  this 
license,  all  petroleum  kept  upon  the  premises  be  exclusively  contained  in  strong 
metal  vesseb,  the  openinffs  to  which  are  covered  with  fine  wire  gauze  and  fitted 
with  screw  caps,  and  with  secure  taps,  so  constructed  and  connected  as  to  prevent 
leakage  or  the  escape  of  vapour;  ana  that  such  vessels  and  taps  be  kept  in  thor- 
looghly  good  order. 

6.  That  there  be  kept  painted  in  conspicuous  characters  on  every  storage  vessel 
containing  petroleum,  the  description  of  petroleum,  with  the  addition  of  the  worda. 
*'  highly  innammable. '' 

7.  That  petroleum  be  only  conveyed  to  or  from  the  licensed  premises  in  closed 
vessels,  so  constructed  as  to  be  entirely  free  from  leakage. 

8.  That  no  petroleum  be  conveyed  to  or  from  the  licensed  premises  in  a  vehicle 
in  which  gunpowder  or  other  article  likely  to  cause  fire  or  explosion  is  also  carried. 

9.  That  petroleum  be  only  received  in  or  supplied  from  the  licensed  premises 
between  sunrise  and  sunset ;  and  that  no  artificial  light  or  fire,  or  article  likely  to 
cause  fire,  be  at  any  time  taken  into  or  near  the  place  of  storage. 

10.  That  the  vessels  containing  petroleum  oe  only  opened  upon  the  licensed 
premises  at  or  immediately  adjoining  the  place  of  storage,  and  for  the  time  neces- 
sary for  drawing  off  the  petroleum,  and  that  during  such  drawing  off  every  reason- 
able precaution  be  adopted  for  preventing  the  escape  of  petroleum  or  the  vapour 
therenom. 
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11.  That  all  petroleum  received  npon  the  premises  be  at  once  taken  to  the  place 
of  storage ;  and  that  petroleum  taken  from  the  place  of  storage  for  delivery  or 
otherwise,  be  at  once  removed  from  the  premises. 

12.  That  the  licensee  do  take  effectual  precautions  for  preventing  unauthorised 
persons  and  all  persons  under  the  age  of  15  years  from  obtaining  access  to  the  place 
of  storage. 

13.  'inat  not  less  than  bushel  of  sand  be  kept  with  every  vessel  in  which 
petroleum  is  stored,  and  that  some  portion  of  this  be  constantly  kept  immediately 
under  the  tap  of  the  vessel. 

14.  That  aue  precaution  be  at  all  times  taken  for  the  prevention  of  accident 
from  fite. 

15.  That  every  authorised  Officer  of  the  Council  be  at  all  times  allowed  free 
access  to  the  premises  of  the  licensee,  for  the  purpose  of  ascertaining  if  the  above 
conditions  are  properly  observed ;  and  that  the  licensee  do,  by  himself  or  his 
representatives,  give  any  assistance  for  that  purfwse  which  such  Officer  may 
require. 

By  Order  of  the  Council, 

Clerk  <if  Ou  CouneU. 

(Section  9  of  the  Petroleum  Act,  1871,  provides  that  *'any  licensee  violating  any 
of  the  conditions  of  his  license  shall  be  deemed  to  be  ao  unlicensed  person.") 

This  license  is  not  transferable. 


Regulations  as  to  Labelling  Vessel  containing  Petroleum. 

Section  6  of  the  Petroleum  Act,  1871,  provides  that  where  any  petroleum  to 
which  this  Act  applies : — 

(The  section  referred  to,  see  p.  737,  is  appended  to  the  form  of  license. ) 

London   County  Council.  special 

•  Ucense. 

Petroleum  Acts,  1871  to  1881.  (No.  2.) 

Reg.  No. 

PETROLEUM    LICENSE. 

Pursuant  to  the  provisions  of  the  Petroleum  Acts,  1871  to  1881,  the  London 
County  Council  doth  nereby,  at  the  request  of 

grant  License  to  for  the  period  of  twelve  calendar  months  from  the 

to  keep  gallons  of  Petroleum 

to  which  the  Acts  apply,  and  as  defined  in  the  said  Acts,  on  the  premises, 

in  the  parish  of  and  within  the 

jurisdiction  of  the  said  Council,  subject  to  the  conditions  following,  that  is  to  say — 

That  no  fire,  or  any  such  artificial  light  as  would  ignite  inflammable  vapour,  be 
kept  at  any  time  within  or  nearer  than  feet  of  the  openings  of  buildings  where 
petroleum  is  kept. 

That  vessels  containing  petroleum  be  only  opened  for  the  time  absolutely 
necessary  for  the  purposes  of  the  business,  and  that  every  precaution  be  used  for 
preventing  the  inflammable  vapour  from  escaping  from  such  vessels. 

That  due  precaution  be  at  all  times  taken  for  the  prevention  of  accident  from 
fire. 

That  every  authorised  Officer  of  the  Council  be  at  all  times  allowed  free  access 
to  the  premises  of  the  licensee,  for  the  purpose  of  ascertaining  if  the  above 
conditions  are  pro})erly  observed ;  and  that  the  licensee  do,  by  himself  or  his 
representatives,  give  any  assistance  for  that  purpose  which  such  Officer  may 
require. 

By  Order  of  the  Council, 

Oerk^tkt  CmmeO, 


(No.  3). 
Reg.  No. 
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(Section  9  of  the  Petroleum  Act,  1871,  provides  that  any  "  licensee  violating  any 
of  the  conditions  of  his  license  uhaXL  he  deemed  to  he  an  unlicensed  person.") 

This  liceiue  U  not  transferable. 


gPJJJj^  London  County  Council. 


Petroleum  Ada,  1871  to  1881. 


PETROLEUM     LICENSE. 

PtTBSUANT  to  the  provisions  of  the  Petroleum  Acts,  1871  to  1881,  the  London 
County  Council  doth  hereby,  at  the  request  of  ,  grant  License 

to  ,  for  the  period  of  twelve  calendar  months  from  the 

to  keep  gallons  of  petroleum  to  which  the  Acts  apply,  and  as 

defined  in  the  said  Acts,  on  the  premises 

in  the  parish  of  and  within  the  jurisdiction  of  the  said  Council, 

sn^ect  to  the  conditions  following,  that  is  to  say — 

That  the  petroleum  be  kept  only  in  a  strong  metal  vessel  fitted  with  a  screw 
cap,  and  with  a  screw  tap  in 

That  the  workroom  be  at  all  times  thoroughly  ventilated  into  the  external 
atmosphere. 

That  not  less  than  1  bushel  of  sand  be  kept  in  the  workroom. 

That  no  fire,  or  any  such  artificial  light  as  would  ignite  inflammable  vapour,  be 
at  any  time  within  or  nearer  than  feet  of  the  place  where  petroleum  is 

kept. 

That  vessels  containing  petroleum  be  only  opened  for  the  time  absolutely 
necessary  for  the  purposes  of  the  business,  and  that  every  precaution  be  used 
forpreventing  the  inflammable  vapour  from  escaping  from  such  vessels. 

Tnat  due  precaution  be  at  all  times  taken  for  the  prevention  of  accident  from 
fire. 

That  ever^  authorised  officer  of  the  Council  be  at  all  times  allowed  free  access 
to  the  premises  of  the  licensee,  for  the  purpose  of  ascertaining  if  the  above  condi- 
tions are  properly  observed  ;  and  that  the  licensee  do,  by  himself  or  his  repre- 
sentatives, give  any  assistance  for  that  purpose  which  such  oflicer  may  require. 


By  order  of  the  Council, 


Clerk  of  the  Council. 


Section  9  of  the  Petroleum  Act,  1871,  provides  that  any  "licensee  violating 
any  of  the  conditions  of  his  license,  shall  be  deemed  to  be  an  unlicensed  person." 

This  license  is  not  transferable, 

London   County  Council. 


Public  Control  Dkpartmbnt, 

21  Whitehall  PlAce,  S.W., 
Jvlv,  1898. 

PETROLEUM  LAMPS. 


In  view  of  the  numerous  fatal  and  oilier  accidents  caused  by  petroleum  lamps,  the 
Council  considers  it  desirable  to  make  public  the  following  suguestionH,  which  are 
partly  founded  on  recommendations  mcuie  by  Sir  Fredebick  Abel,  C.B.,  D.C.L., 
F.R.S.,  and. Mr.  Bo VERTON  Redwood,  F.I.C,  F.C.S.,  after  investigating  the 
causes  of  lamp  accidents. 
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suoossnoks  as  to   the   construction  and  management   of 

Petroleum  (or  Paraffin)  Lamps. 

Construction  of  Lamps, 

1.  The  wick  should  be  enclosed  in  a  tube  of  thin  sheet  metal,  open  at  the 
bottom.  This  wick  tube  should  reach  almost  to  the  bottom  of  the  reservoir  con- 
taining the  oil. 

2.  Ihe  oil  reservoir  should  be  of  metal,  and  not  of  china,  glass,  or  other  fragile 
material. 

3.  The  upper  part  of  the  lamp  which  comprises  the  burner,  wick- tube,  &c.» 
should  be  constructed  to  securely  screw  into  the  metal  reservoir. 

4.  The  oil  reservoir  should  have  no  feeding-place  nor  opening,  other  than  the 
opening  into  which  the  upper  part  of  the  lamp  is  screwed. 

5.  Every  lamp  should  nave  a  broad  and  heavy  base,  and  a  proper  extinguishing 
apparatus. 

Wicks. 

6.  Wicks  should  be  soft,  and  not  tightly  plaited,  and  should  quite  fill  the  wick- 
liolder  without  having  to  be  squeezed  mto  it. 

7.  Wicks  should  be  dried  at  the  fire  before  being  put  into  lamps,  and  should  be 
soaked  with  oil  before  being  lit. 

Managtment. 

8.  The  reservoir  should  be  quite  filled  with  oil  every  time  before  using  the 
lamp. 

9.  The  lamp  should  be  kept  thoroughly  clean,  all  oil  should  be  carefully  wiped 
off,  and  all  charred  wick  and  dirt  removed  before  lighting. 

10.  When  first  lit,  the  wick  should  be  partially  turned  down,  and  then  slowly 
raised. 

11.  Lamps  which  have  no  extinguishing  apparatus  should  be  put  out  as 
follows  : — The  wick  should  be  turned  down  until  there  is  only  a  small  flickering 
flame,  and'a  sharp  puff  of  breath  should  then  be  sent  across  the  top  of  the  chinmey, 
but  not  down  it. 

12.  Cans  or  bottles  used  for  oil  should  be  free  from  water  and  dirt,  and  should 
l)e  kept  thoroughly  closed. 

Alfred  Spenceb, 
ChufOjfieer. 

Note.  — These  suggestions  apply  to  ordinary  petroleum  or  paraffin  lamps  such  as 
are  generally  used,  and  not  to  oenzoline  or  spirit  lamps. 

The  followiDg  are  bye-laws  of  the  Conservators  of  the  River 
Thames,  bye-laws  of  the  Mersey  Docks  and  Harbour  Board,  and 
regulations  of  the  Bristol  Docks.  Committee,  relative  to  petroleum 
imported  into  London,  Liverpool,  and  Bristol  respectively  : — 

River  Thames. 


BYE-LAWS    UNDER   THE    PETROLEUM    ACTS,    1871    &    1879. 


The  Conservators  of  the  River  Thames^  in  exercise  of  the  powers  vested  in  them, 
by  "  Tite  Petroleum  Act,  1871,"  and  «*  The  Petroleum  Act,  1879,"  and  of  every 
other  authority  them  hereunto  enabling,  do  order  and  direct  asfoUows : — 

1.  The  bye-laws  for  the  regulating  of  the  carriage  of  petroleum  in  the  River 
Thames,  confirmed  by  the  Board  of  Trade  on  the  I3th  day  of  JulYt  1872,  shall, 
after  these  present  bye-laws  have  been  confirmed  by  the  Board  of  Trade,  be,  and 
the  same  are  hereby  repealed. 
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2.  No  ship  or  vessel  laden  either  wholly  or  in  part  with  petroleum,  rock  oil, 
Rangoon  oil,  Burmah  oU,  or  oil'  made  from  petroleum,  coal,  schist,  shale,  peat,  or 
other  bituminous  substance,  or  any  products  of  petroleum,  or  of  any  of  the  above- 
mentioned  oils,  which  said  oils  or  products  of  oils,  when  tested  in  manner  set  forth 
in  Schedule  I.  to  ''The  Petroleum  Act,  1879,"  give  off  an  inflammable  vapour  at 
a  temperature  of  less  than  73  decrees  of  Fahrenheit's  thermometer,  shall  for  any 
purpose  whatever  be  navigated,  lie  in,  or  be  moored,  and  no  part  of  the  cargo 
ahali  be  discharged  from  any  such  ship  or  vessel  in  any  part  of  the  River  Thames, 
above  or  westward  of  Thames  Haven  ;  and  all  such  ships  or  vessels  whilst  laden 
as  aforesaid  shall,  when  moored  or  anchored,  lie  singly  and  apart  from  each  other, 
with  a  clear  space  of  not  less  than  100  feet  of  water  separating  them. 

8.  All  fires  and  lights  shall  be  extinguished  on  board  ships  and  vessels  during 
the  time  the  petroleum,  defined  in  bye-law  No.  2,  is  being  laden  or  unladen,  or 
when  the  hatcnes  covering  the  place  where  the  petroleum  is  stowed  are  open. 

4.  The  cargoes  of  such  ships  or  vessels  may  be  discharged  below  Thames  Haven 
into  barges  licensed  for  the  purpose  by  the  (jonservators  of  the  River  Thames. 

The  petroleum  when  on  ooard  sudi  barges  shall  be  so  covered  as  to  prevent 
the  risk  of  sparks  falling  upon  or  among  the  casks. 

No  fires  or  lights  shall  be  used  upon  such  barges  when  either  laden  or  partly 
laden  with  petroleum,  and  the  barges  shall  be  towed  to  their  places  of  destina- 
tion only  during  daylight. 

The  petroleum  shall  only  be  landed  at  wharves  or  other  places  now  or  hereafter 
liceniea  by  the  local  authority. 

5.  Where  any  ship  or  cargo  is  moored,  landed,  towed  or  otherwise  dealt  with 
in  contravention  of  any  of  the  foregoing  bye-laws,  the  owner  or  master  of  such 
ship,  or  the  owner  of  such  cargo,  both  or  either  as  the  case  may  be,  shall  severally 
incur  a  penalty  not  exceeding  £50  for  each  day  during  which  such  contravention 
continues ;  and  it  shall  be  lawful  for  the  Harbour  Master,  or  any  other  person 
acting  under  the  orders  of  the  Conservators  of  the  River  Thames,  to  cause  such 
ship  or  caT^o  to  be  removed,  at  the  expense  of  the  owners  thereof,  to  some  place 
at  or  below  Thames  Haven,  and  all  expenses  in  or  incident  to  such  removal  may 
be  recovered  in  the  same  manner  in  which  penalties  are  by  ''  The  Petroleum  Act, 
1871,"  made  recoverable. 

Oiven  under  our  Common  Seal  thia  lat  day  of  March,  1880.  ^^ 

E.  BuRSTAL,  ^*y 

Secretary. 

The  Board  of  Trade  hereby  signify  their  conjirmation  of  the  above  bye-laws. 

By  order  of  the  Board  of  Trade,  the  I2th  day  of  April,  1880. 

C.  Cecil  Trevor, 

Assistant  Secretary. 

Mersey  Docks  and  Harbour  Board. 


The  present  Bye -Laws,  made  pursuant  to  the  4th  Section  of  the  Petroleum  Act 
of  1871,  and  the  Mersey  Dock  Acts  ConsolMation  Act,  1858,  were  sealed  by  the 
Board,  June  14,  1878. 

These  Bye-Laws  contain  the  following  definitions : — 

** Dangerous  petroleum**  BheAl  include  all  such  petroleum,  and  all  such  oil  derived 
from  petroleum,  coal,  schist,  shale,  peat,  or  other  bituminous  substance,  and  any 
product  of  petroleum,  or  any  of  the  oils  above-mentioned  that  give  off  an 
inflammable  vapour  at  a  temperature  of  less  than  100"  of  Fahrenheit's  thermo- 
meter, when  tested  in  the  manner  set  forth  in  the  schedule  to  *'The  Petroleum^ 
Act,  1871." 

"  Common  petroleum "  shall  include  all  such  petroleum,  oil,  and  products  of 
petroleum  or  oil  as  above-mentioned  that  does  not  give  off  an  inflammable 
vapour  at  a  temperature  of  less  than  100°  of  Fahrenheit's  thermometer,  when 
tested  in  the  manner  above-mentioned. 
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Vesaek  containiDg  petroleum  of  any  kind  as  cargo  are  prohibited  from  entering 
«ny  other  docks  than  those  adjoining  the  quays  where  the  landing  of  petroleum  is 
permitted  under  the  bye-laws,  and  the  limits  of  mooring  in  the  River  Mersey,  for 
vessels  carrying  over  200  gallons  of  ''dangerous  petroleum,"  are  fixed  as  north- 
ward of  a  line  from  Victoria  Tower  to  Egremont  Ferry,  or  south  of  a  line 
between  New  Ferry  Pier  and  Dingle  Point. 

The  landing-places  for  petroleum  may  be  changed  by  resolution  of  the  Board. 

The  landing  of  ** dangerous  petroleum"  must  be  effected  between  6  a.m.  and 
6  p.m.  from  March  to  September  inclusive,  and  between  8  a.m.  and  4  p.m.  from 
October  to  February.  No  fires,  lights,  or  matches,  other  than  safety-matches, 
may  be  used  cither  on  such  vessels,  or  on  the  quays  where  the  oil  is  being  landed 
or  stored,  and  both  ships  and  quays  must  be  under  the  supervision  of  a  competent 
watchman.  The  same  regulations  apply  also  to  the  loading  of  vessels  wiUi 
*' dangerous  petroleum."  During  the  loading  of  vessels  containing  over  200 
gallons  of  such  oil,  and  their  stay  in  dock— which,  however,  must  in  no  case 
exceed  twenty -four  hours — a  police  constable  must  be  present.  Steamers  about 
to  leave  dock  are  allowed  to  use  such  fires  and  lights  as  may  be  necessary,  for 
four  hours  before  leaving.  All  casks  containing  "  dangerous  petroleum  "  brought 
to,  or  placed  on  any  quay  for  shipment,  must  be  distinctly  marked  as  dangerous. 

Bristol  Docks  Oommittee. 


REGULATIONS  FOR  THE  DISCHARGE  AT  AVONMOUTH  DOCK 

OP  PETROLEUM  IN  BULK 

To  which  the  Petroleum  Acts,  1871  and  1879,  do  not  apply. 

1.  Previous  to  the  discharge  of  any  petroleum,  a  certificate  must  be  produced 
bv  the  importer  stating  that  the  oU  does  not  flash  under  73**  F.,  and  if  possible, 
aUo  stating  the  temperature  at  which  it  does  flash. 

2.  An  application  in  writing  must  be  made  by  the  importer  to  the  Harbour 
Master  for  permission  to  pump  the  oil  from  the  vessel  into  the  pipes  leading  to 
the  storage  tanks,  or  into  tanks  placed  on  the  quay,  and  the  applicant  must 
indemnify  the  Corporation  of  Bristol  as^inst  all  losses,  damases,  costs,  or 
expenses  which  they  may  incur  or  become  liable  for  by  reason  of  the  granting  of 
any  such  permission.  No  oil  shall  be  allowed  under  any  circumstances  to  leak  or 
flow  into  the  dock,  or  on  to  the  quay. 

3.  No  fires  or  lights  shall  be  allowed  on  board  the  vessel  during  the  time  of 
discharging,  except  such  necessary  fires  in  the  engine-room  for  generating  steam 
for  pumping  the  oil  as  the  Harbour  Master  may  from  time  to  time  permit ;  and 
no  smoking  shall  be  allowed  on  board  the  vessel,  or  any  lighter  lying  alongside, 
or  on  the  quay  during  such  time. 

4.  Every  possible  precaution  must  be  taken,  both  by  the  master  of  the  vessel 
and  by  the  importer,  to  prevent  risk  of  fire  or  explosion ;  and  also  to  prevent  any 
oil  being  spilled  on  the  quay,  or  leakine  or  flowing  into  the  dock.  Notice  in 
writing  must  be  given  by  the  master  of  the  vessel  to  the  Harbour  Master  previous 
to  water  being  pumped  into  the  tanks  of  the  vessel. 

5.  The  vessel  shall  not,  whilst  in  the  dock,  be  left  without  a  sufficient  crew  on 
board.  No  persons,  other  than  the  crew  and  such  other  persons  as  shall  be 
employed  or  engaged  by  the  importer,  or  by  the  master  or  owner  of  the  vessel  in 
connection  with  the  discharge  of  the  cargo,  shall  be  allowed  on  board  the  vessel 
or  on  the  quay  alongside. 

6.  For  the  safer  discharge  of  the  cargo,  an  officer  will  be  sent  by  the  Harbour 
Master  to  superintend  the  carrying  into  effect  of  these  regulations,  payment  being 
made  of  the  expense  of  such  superintendence  by  the  master  or  owner  of  the  vessel; 
and  the  payment  of  such  expense  of  superintendence  shall  continue  until  the  pro- 
duction to  the  Harbour  Master  of  a  certificate  under  the  hand  of  such  officer  that 
the  cargo  has  been  duly  discharged. 

7.  An  application  in  writing  must  be  made  to  the  Harbour  Master  for  permission 


76o  STATUTORY  AND  OTHER  REGULATIONS. 

to  yentilate  tlie  tanks  after  the  oil  haa  been  pumped  therefrom,  an  intimation 
being  given  at  the  same  time  as  to  the  mode  in  whicn  it  is  proposed  to  effect  sneh 
ventilation;  and  the  Harbour  Master  may,  in  his  discretion,  either  withhold  or 
grant  such  permission,  aod  subject  to  such  special  regulations  and  arrangements 
as  he  may  deem  necessary. 

8.  No  lighter  or  other  craft  shall,  except  with  the  permission  of  the  Harbour 
Master,  lie  alongside  any  vessel  during  the  discharge  of  her  cargo. 

9.  Every  vessel  having  petroleum  on  board  shaU  keep  conspicuously  exhibited 
from  sunrise  to  sunset  a  rea  flag. 

By  Order  of  the  Docks  Committee, 

F.   B.   GiRDLESTONE, 

Secretary  and  General  Manager, 
Docks  Ofrgi,  Qubkn  Squarx, 

\9t  May,  1890. 


COLONIAL   AND    FOREIGN. 

ANTIGUA. 

Gunpowder  and  Petroleum  AcU.'—No.  if,  1874;  ^o.  9,  1889;  No,  9,  1890  ; 

read  together. 

The  first  of  the  above  Acts  empowered  the  Governor  to  appoint  a 
fitting  place  beyond  the  limits  of  the  City  of  St.  John  as  a  petroleum 
store,  and  prohibited  storage  elsewhere,  except  for  private  use  (with  a 
limit  of  10  gallons),  or  for  retail  sale  (with  a  limit  of  20  gallons,  in- 
creased by  the  1889  Act  to  96  gallons).  Licenses  for  sale  (retail)  to 
be  granted  by  the  Treasurer,  for  terms  of  three  months,  subject  to  a 
stamp  duty  of  Is.  A  standard  of  test  was  introduced  by  the  Act  of 
1889,  the  minimum  fixed  being  83"  F.  (Abel  test).  All  oils  flashing 
below  the  standard  are  classed  as  ''volatile  petroleum,''  and  their 
importation  is  prohibited  under  penalty  of  forfeiture  and  fine,  unless 
the  importer  furnishes  proof  of  ignorance  of  their  low-test  quality 
(when  re-shipment  is  allowed),  an  exception  being  made  in  favour  of 
oil  not  intended  for  burning,  if  kept  in  closed  glass  bottles  of  a  capacity 
not  exceeding  8  ozs.,  and  of  gasoline  (Act  of  1890)  for  use  in  scientific 
or  technical  work,  or  in  the  Government  Laboratory,  under  permission 
from  the  Governor.  Three  samples  must  be  furnished  by  importer  for 
testing  by  the  Government  Analyst  or  other  appointed  person  before 
the  oil  is  landed,  and  samples  may  be  drawn  by  the  Treasurer  from 
oils  in  store  for  re-testing  at  any  time. 

AUSTRALIAN    COLONIES. 

NEW  SOUTH  WALES. 

Kerosene  Act,  1871,  56  Vict,,  No,  I. 

This  Act  prohibits  the  sale  of  any  kerosene  giving  off  inflammable 
vapour  below  110°  F.,  unless  the  vessel  containing  it  is  legibly  labelled 
"  dangerous,"  and  bears  a  caution  against  bringing  any  light  near  to  it. 

Importers  and  refiners  are  to  give  notice  to  the  inspector,  and  no 
oil  is  to  be  delivered  without  the  inspector's  certificate.     Not  more 
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than  200  gallons  may  be  stored  within  50  yards  of  another  house  or 
warehouse  within  the  boundaries  of  a  town  or  municipality,  except  on 
premises  where  it  is  manufactured,  in  which  case  an  unlimited  quantity 
may  be  stored.  Inspector  may  search,  under  warrant,  all  suspected 
places,  and  may  inspect  all  stores  and  test  the  oil  offered  for  sale. 
Such  oil  as  may  thus  be  found  below  test  is  liable  to  confiscation. 
Appeal  against  inspector's  test  is  to  be  decided  by  reference  to  a  com- 
petent person  appointed  by  the  Justices. 

Testing. — The  instrument  directed  to  be  used  is  described  as  the 
"  Metropolitan  Petroleum  Oil-tester  of  W.  C.  Miles,  36  Gt.  Pearl  St., 
London,  as  used  by  the  Metropolitan  Board  of  Works."  The  test  is 
to  be  carried  out  in  a  closed  room  free  from  air  currents.  The  water 
bath  is  to  contain  16  ozs.  by  measure  of  water  at  not  less  than  70*  F., 
and  the  oil  cup  2  ozs.  by  measure  of  oil.  The  bulb  of  the  thermometer 
is  to  be  half  an  inch  below  the  surface  of  the  oil.  The  test-flame  is  to 
be  applied  by  drawing  it  along  the  wire  over  the  surface  of  the  oil  at 
every  6**  or  less,  at  the  discretion  of  the  operator,  until  90**  F.  is  registered, 
thence,  up  to  100°,  at  every  2°,  and  over  100**,  at  each  V  rise,  until 
the  oil  flashes;  110**  being  the  standard,  and  the  time  occupied  in  the 
operation  not  exceeding  fifteen  minutes  from  the  immersion  of  the  oil 
cup  in  the  water  bath. 

QUEENSLAND. 
Mineral  Oils  Act,  18S0. 

The  importation  into  Queensland,  for  lighting  purposes,  of  all  refined 
mineral  oils  flashing  below  110°  F.,  open  test,  or  83"  F.,  close  test,  is 
prohibited,  and  any  oil  so  imported  may  be  confiscated  and  destroyed. 
The  Act  does  not  apply  to  oils  other  than  for  lighting.  Customs 
officers  or  other  authorised  persons  may  inspect  and  sample  for  testing, 
and  if  the  testing  officer  finds  that  any  oil  fails  to  pass  the  test,  such 
oil  is  liable  to  confiscation,  but  the  Governor  may  instead  allow 
the  oil  to  be  re-shipped,  subject  to  the  packages  being  legibly  marked 
in  2-inch  letters — "  Under  test."  Any  appeal  against  the  inspector's 
test  must  be  made  within  fourteen  days,  and  decided  by  an  expert. 
Obstruction  of  inspector  is  punishable  by  fine. 

Test. — Open  test — Same  as  specified  in  English  Act,  1871.  Close 
test — Abel  instrument. 

Directions  for  Close  Test. — The  apparatus  must  not  be  exposed 
to  draughts.  The  water  in  the  bath  must  be  at  130°  F.  at  the 
commencement  of  the  test,  when  the  oil  cup  containing  the  sample  to 
be  tested  (cooled  to  about  70**  F.)  is  placed  in  the  bath,  the  lid  of 
the  cup  being  on,  and  the  slide  closed.  At  76"  F.,  the  testing  is  to 
be  commenced,  and  the  application  of  the  test-flame  is  to  take  place 
at  every  V  rise.  During  hot  weather,  if  a  sample  flashes  below  83°, 
the  test  must  be  repeated  with  the  oil  cooled  to  63°,  the  flame  being 
first  applied  at  68"  F.  The  flashing  i)oint  thus  obtained  is  to  be 
regarded  as  the  true  one. 
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SOUTH   AUSTRALIA. 

Kerosene  Storage  Acts,  1873  (37  Vict.  Xo,  11)  and  1874  (37  and 

38  Viet.  No.  23). 

Under  the  definition  of  *'  Kerosene,"  all  the  usual  products  specified 
in  Petroleum  Acts  are  included,  but  toitJiotU  any  limit  of  flashing  pointy 
•and  there  are  no  testing  regulations.  Ships  carrying  over  200  gallons, 
coming  within  500  yards  of  a  wharf,  shall  land  the  excess  within 
seven  days,  unless  having  at  least  50  tons  of  other  cargo  on  board, 
when  nine  days  are  allowed.  This  limit  may  be  extended  for  three 
days,  by  permission  of  the  chief  Secretary.  The  landing  must  take 
place  between  sunrise  and  sunset,  and  the  oil  be  removed  from  the 
wharf  during  that  time,  any  remaining  after  sunset  being  seizable. 
The  Act  does  not  apply  to  private  landing  places  outside  a  munici- 
pality. Vessels  taking  in  more  than  200  gallons  for  export  must 
remove  to  a  distance  of  500  yards  from  the  wharf  within  nine  days, 
^gulations  for  loading,  <kc.,  are  under  control  of  the  Governor. 

Storage. — 50  gallons  allowed  for  private  consumption.  From  50 
to  500  gallons  may  be  stored  below  the  level  of  the  ground  in  any 
house,  warehouse,  store,  shop,  shed,  building,  cellar,  yard,  excavation,  or 
other  place  within  a  municipality  or  within  500  yards  of  the  boundary 
thereof,  without  license,  if  adequate  ventilation  is  provided-  Smoking 
and  the  use  of  matches  or  lights  in  any  kerosene  store,  other  than  a 
store  for  private  consumption,  are  prohioited.  Inspectors  have  power 
of  search,  and  resistance  to  inspectors  is  punishable  by  fine. 

VICTORIA. 
Customs  Consolidation  Acts,  1883  and  1890  {Sections  50  and  51). 

The  importation  into  this  colony,  of  refined  mineral  oils  or  "painters 
spirits,**  which  give  off  inflammable  vapour  at  temperatures  below 
100*  F.,  on  being  subjected  to  the  test  prescribed  in  the  4th  Schedule 
by  any  officer  or  person  duly  authorised  by  the  Collector  of  Customs, 
is  prohibited.  Low-test  oils  may,  however,  be  imported,  or  delivered 
by  the  Customs  Department  on  payment  of  the  duty  chargeable 
thereon,  provided  they  have  been  duly  coloured  by  the  admixture  of 
such  material  and  in  such  proportion  as  the  Governor  in  Council 
may  prescribe,  and  that  any  package  containing  such  oil  shall  have 
distinctly  marked  on  the  side  or  top  thereof  in  black  Roman  letters 
of  not  less  than  2  inches  in  length  and  half  an  inch  in  breadth,  the 
words  "specially  dangerous."  The  penalty  for  removing  the  said 
mark  or  selling  such  oil  without  mark,  is  a  fine  of  £100  and  forfeiture 
of  the  oil.  Customs  officers,  or  other  persons  duly  authorised  by  the 
Collector  of  Customs,  may  enter  stores,  &c.,  and  draw  samples  for 
testing. 

Testing. — The  apparatus  is  that  prescribed  in  the  English  Act 
of  1871  ^34  and  35  Vict.  c.  105,  Sched.  1)  ^see  p.  550).  The  first  test 
is  applied  at  90**  and  is  repeated  at  every  2  to  3°  rise.  The  confirma- 
tory test  is  applied  at  intervals  of  2 ". 
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WEST    AUSTRALIA. 
Sxplonves  Act,  1885. 

In  this  Act,  "  Petroleum  "  includes  all  kerosene,  rock  oil,  Burmah 
oil,  Rangoon  oil,  or  any  product  of  them,  and  any  oil  made  from 
petroleum,  coal,  schist,  shale,  peat,  or  other  bituminous  substance,  or 
any  produce  of  them  giving  off  inflammable  vapour  below  110*  F.  (open 
test).  All  mineral  oils  imported  into  the  Colony  must  be  examined 
immediately  on  arrival,  before  delivery  to  the  owners  or  consignees. 
Inspectors  have  right  of  entry  to  every  ship  in  which  mineral  oUs  are 
imported,  and  any  obstruction  by  captain  or  other  person  is  punishable 
by  fine.  Oils  failing  to  pass  the  test  shall,  if  landed,  and  on  satis- 
factory proof  of  their  character  being  given  before  two  Justices,  be 
liable  to  be  forfeited  and  destroyed.  In  case  of  dispute  as  to  the  test, 
the  Justices  shall  allow  a  further  test  to  be  made,  and  shall  then 
decide.  Storage  is  dealt  with  by  the  Act  of  4th  August,  1871 
(35  Vict.,  No.  5).  The  Governor  in  Council  may  make  harbour 
regulations  affecting  vessels  carrying  petroleum.  Within  50  yards 
of  a  dwelling-house  or  warehouse,  "  petroleum "  must  not  be  kept, 
otherwise  than  for  private  use,  and  then  only  in  quantities  not  ex- 
ceeding 10  gallons,  except  under  license  from  the  local  authority, 
and  in  granting  such  license,  the  authority  may  impose  conditions  of 
storage.  Inspectors  have  right  of  search,  on  suspected  premises,  for 
oils  stored  contrary  to  the  provisions  of  the  Act. 

Testing. — The  description  of  the  instniment,  and  of  the  mode  of 
testing,  is  the  same  as  that  given  iji  the  schedule  of  the  English 
Petroleum  Act,  1871. 

NEW  ZEALAND. 

As  far  back  as  1863,  there  was  a  local  Kerosene  and  Paraffin  OH 
Ordinance  for  the  province  of  Otago,  amended  in  1868  by  the  In- 
Jlammable  Oils  Ordinance.  It  included  "kerosene"  and  ''paraffin 
oil,"  and  "benzine,"  without  any  regard  to  test,  and  limited  the  storage 
in  Dunedin  and  other  towns — otherwise  than  under  license  from  the 
Superintendent  of  the  Province,  or  in  the  Petroleum  Warehouse — to 
64  gallons  in  the  case  of  dealers,  and  16  gallons  for  private  consump- 
tion, imposing  penalties  for  infraction,  of  £20,  and  5s.  for  each  gallon 
of  oil  in  excess  of  the  quantity  allowed,  the  maximum  fine  being  £100. 
300  gallons  was  allowed  under  license.  Justices  of  the  Peace  were 
empowered  to  issue  warrants  for  searching  suspected  premises,  and  all 
oil  stored  in  contravention  of  the  Ordinance  was  forfeitable. 

The  present  regulations,  which  apply  to  the  whole  colony,  are  con- 
tained in  the  Dangerous  Goods  Acts  of  1869  and  1878.  The  standard 
flashing  point  (open  test)  is  fixed  at  llO""  F.,  and  the  directions  for 
testing  are  similar  to  those  in  Victoria.  No  low-test  oil  may  be  offered 
for  sale  unless  marked  "Dangerous — no  light  to  be  brought  near." 
The  €U>vemor  may  at  any  time  bring  oils  which  are  not  below  test, 
under  the  operation  of  the  Act,  by  an  order  in  Council|  applying  to 
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any  portion  or  the  whole  of  the  colony.  Vessels  carrying  petroleum 
must  conform  to  such  regulations  for  mooring,  &c,,  as  the  Governor 
may  make  by  order  in  Council.  No  "  petroleum,"  except  such  as  is 
kept  solely  for  private  use,  and  then  only  in  quantities  not  exceeding 
10  gallons,  may  be  stored  within  50  yards  of  a  dwelling-house  or 
building  in  which  goods  are  stored,  unless  under  license,  granted  by 
the  Local  Authority.  In  such  license,  the  conditions  of  storage  may 
be  prescribed.  The  applicant  may  appeal  to  the  Colonial  Secretary 
against  any  refusal  of  the  Txx;al  Authority  to  grant  a  license,  or  if  he 
is  dissatisfied  with  the  conditions  imposed.  Inspectors  are  appointed 
by  the  Local  Authority,  and  police  officers  are  empowered  to  inspect 
oil  stores  during  the  day-time,  and  demand  samples  for  testing  (which 
must  be  paid  for).  In  case  the  oil  does  not  conform  to  the  provisions 
of  the  Act,  the  offender  is  liable  to  a  tine  of  £5,  If  he  appeals 
against  the  test,  the  Magistrates  can  order  a  re-test  by  a  competent 
person,  the  cost  to  follow  the  result.  Searching  suspected  premises 
under  warrant  is  provided  for,  and  obstruction  of  inspectors  is  pun- 
ishable by  fine. 

TASMANIA. 

39  Vtct,,  No,  9,  **  an  Ad  to  place  certain  restrictions  on  the  storage 

0/ kerosene"  SOth  September,  1875. 

This  statute  authorises  the  Governor  to  appoint  storage  places  near 
Hobart  Town  and  Launceston,  to  appoint  keepers  of  the  said  stores, 
and  to  fix  the  charges  to  be  paid  for  storage.  The  power  of  making 
regulations  as  to  the  time  and  mode,  of  reception  and  delivery  of 
kerosene,  which  includes  ^*  all  paraffin,  gasoline,  and  all  rock  oil,  or 
any  product  thereof,  as  well  as  any  oil  made  from  petroleum,  kerosene, 
coal,  schist,  shale,  peat,  or  other  bituminous  substance,  or  any  product 
thereof"  is  also  vested  in  the  Governor.  The  limit  of  quantity  to  be 
stored  "in  or  upon  any  house,  storehouse,  warehouse,  shop,  cellar, 
yard,  whar^  or  any^other  building  or  place  within  the  boundaries  of 
either  town  "  is  fixed  at  200  gallons,  unless  the  store  is  over  50  yards 
distant  from  a  dwelling-house  or  building  in  which  goods  are  stored. 
Infraction  of  this  is  punishable  by  forfeiture  of  the  oil,  and  a  fine. 

AUSTRIA. 

Law  ofUh  July,  1805. 

The  law  extends  to  all  natural  and  artificial  mineral  oils.  A  license 
is  necessary  for  the  retail  sale.  No  mineral  oil  may  be  sold  for  illu- 
minating purposes  which  has  a  flashing  point  below  30°  Reaumur 
(  =  100°  F.),  open  test.  The  quantity  of  oil  not  suitable  for  illuminating 
purposes  (i.e.,  below  30°  E^umur,  open  test)  which  may  be  kept  in  a 
house,  may  not  exceed  5  cwts.,  and  then  only  in  vessels  not  admitting 
of  evaporation  or  leakage.  The  premises  must  be  fireproof  and  so 
constructed  that,  in  case  of  fire,  air  can  be  entirely  excluded.  Only 
safety-lamps  are  allowed.  Smoking  is  forbidden.  The  same  limit  is 
imposed  with  regard  to  illuminating  oils,  except  that  it  is  open  to  the 
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local  authority  to  extend  the  quantity  by  special  permission,  if  no 
liquid  under  the  standard  test  is  present,  and  provided  that  the  oil  be 
kept  in  well  closed  and  perfectly  tight  casks.  Where  the  quantity 
exceeds  what  may  be  kept  in  an  inhabited  house,  it  must  be  kept  in 
an  uninhabited  building  at  such  distance  from  any  inhabited  building 
as  the  local  authority  may  consider  necessary.  The  building  is  to  be 
fireproof  and  so  constructed  as  to  allow  of  air  being  excluded  in  case 
of  fire.  Safety-lamps  only  are  allowed ;  smoking  is  i>rohibited.  There 
are  regulations  as  to  carnage,  &c.  Wholesale  storage  is  almost  entirely 
carried  on  by  the  railway  companies. 

Trieste. 

Reg^dations  of  the  Petroleum  Harbour  at  S,  Sabbia,  1891. — The 
control  of  the  petroleum  harbour  at  S.  Sabbia  is  vested  in  the  officials 
of  the  port,  except  in  so  far  as  concerns  the  State  railway  or  other 
department  of  the  State.  The  police  and  other  arrangements  at  the 
goods  yard  are  under  the  control  of  the  railway  officials.  Tank  steamers 
have  precedence  over  all  other  vessels  for  stations  in  the  harbour,  and 
rank  amongst  themselves  in  the  order  of  their  arrival.  Sailing  vessels 
or  other  steamers,  lying  at  the  wharf  for  loading  or  unloading  barrels  or 
cases,  must  give  place  to  tank  steamers  when  required.  Vessels  must  be 
so  moored  that  they  can  be  cast  loose.  No  reduction  may  be  made  in  the 
number  of  hands  on  board  until  unloading  is  completed  and  the  vessel 
has  left  her  moorings.  Tank  steamers  may  use  steam  pumps,  worked 
by  steam  from  the  boilers,  for  unloading ;  other  steamers  may  use  cranes 
or  winches  for  the  same  purpose,  provided  the  boiler  for  generating  the 
steam  is  in  the  usual  boiler  room.  The  only  light  allowed  on  board 
petroleum  vessels,  is  that  approved  by  the  harbour  authorities.  On 
steamers,  a  lamp  is  allowed  in  the  galley,  and  cooking  may  be  done  on 
board  if  water  is  kept  at  hand  for  use  in  case  of  fire ;  but  for  sailing 
vessels,  the  cooking  must  be  done  on  shore  in  an  appointed  spot,  unless 
the  harbour  officials  are  satisfied  that  it  may  be  safely  conducted  on 
board.  No  stoves  may  be  lighted  so  long  as  the  vessel  remains  alongside 
the  wharf.  Smoking  is  forbidden,  both  on  board  and  within  the  limits  of 
the  petroleum  stores  on  shore.  Unloading  or  loading  must  proceed  at 
the  rate  of  400  barrels,  at  least,  per  diem,  Sundays,  holidays,*  and  bad 
weather  excepted.  For  this  purpose,  5  cases  are  considered  as  the  equiv- 
alent of  1  barrel.  The  oil  must  be  taken  away  by  the  consignees  as  it 
is  landed.  Admission  to  the  petroleum  stores  is  only  allowed  imder 
special  permission  in  the  case  of  private  persons  not  working  therein. 
Foremen  must  be  ])rovided  to  superintend  by  day  and  night,  and  it  is 
part  of  the  foreman's  duty  to  see,  -after  the  cessation  of  work  for  the 
day,  that  all  lights  and  fires  are  properly  extinguished.  Pumping  out 
steamer  tanks  between  sunset  and  sunrise,  is  only  allowed  in  exceptional 
cases  and  by  the  special  permission  of  the  harbour  authorities,  and 
similar  permission  is  necessary  for  the  filling  of  tank-cars,  barrels,  or 
cases.  The  storage  of  full  or  empty  cases  or  barrels,  or  of  easily  in- 
flammable substances,  in  the  o|)en,  is  forbidden.  In  sheds  and  boiler- 
houses,  a  supply  of  water  must  be  kept  at  hand,  in  case  of  fire,  together 


766  STATUTORY  AND  OTHER  REOULATIONS. 

with  hand  pumps  strong  enough  to  force  a  jet  up  to  the  ceiling.  No 
fuel  or  inflammable  substances  may  be  placed  on  boilers  or  near  the  fire 
doors.  So  loDg  as  the  boiler  is  in  use,  a  qualified  person  must  be  present 
in  the  boiler-room,  and  the  pumps  and  boilers  may  only  be  left  un- 
attended when  all  fires  and  lights  are  extinguished.  The  soldering  of 
petroleum  tins  may  only  be  effected  in  a  place  set  a|)art  by  the  author- 
ities, containing  a  plentiful  supply  of  sand  or  ashes  and  shovels  ready 
to  hand.  No  open  light  is  allowed  in  the  precincts  of  the  stores,  nor 
are  petroleum  lamps  allowed  in  closed  i*oomH. 

Regtdationa  of  tlie  Captain  of  the  Fort,  Ibth  May,  1879. — Petroleum 
may  be  loaded  in  small  quantities,  and  under  the  supervision  of  the 
harbour  authorities,  into  lighters  in  the  old  port.  Such  boats,  having 
petroleum  on  board,  must  remove  from  the  shore  at  sundown,  or,  if  pre- 
vented by  bad  weather  from  so  doing,  must  be  guarded  by  a  watchman. 
No  fires,  open  lights,  or  smoking,  allowed  while  petroleum  is  on  board. 
All  petroleum  lying  on  the  quay,  waiting  to  be  loaded,  must  be  under 
guard,  but  can  only  be  allowed  to  so  remain  under  exceptional  circum- 
stances. Steamers  of  the  Austro-Huiigarian  Lloyd  Co.,  lying  at  the 
quays,  are  allowed  to  take  petroleum  on  board,  provided  this  is  effected  on 
the  day  of  departure  and  completed  by  sunset,  and  that  the  vessel  is 
under  the  surveillance  of  two  watchmen,  as  in  the  case  of  lighters 
detained  at  the  quay. 

Storage. — Storekeepers  must  observe  all  the  general  regulations  govern- 
ing the  sale  of  combustibles.  No  petroleum  may  be  stored  in  a  retail 
shop.  A  specially  constructed  metallic  vessel,  sufficient  to  hold  about 
a  barrel,  must  be  provided  for  storage,  and  this  must  be  enclosed  in 
a  pit  lined  with  brick,  the  roof  being  arciied  and  covered  with  a  paving 
stone.  Through  a  hole  in  the  cover  projects  a  metal  filling  W>^i  ^^H 
soldered  to  the  vessel,  and  provided  with  a  screw  stopper.  The  space 
between  the  bottom  of  the  storage  receptacle  and  the  flooring  of  the 
pit,  must  be  filled  with  sand  to  absorb  outflow  of  oil.  The  storage  of 
empty  cases  or  barrels  in  retail  shops  is  prohibited. 

BAHAMAS. 
Apparently  no  regulations. 

BARBADOS. 
Petroleum  Act,  1882,  and  Amendment,  1892. 
The  standard  test  is  83"  F.  (Abel  instrument).  Any  oil  flashing 
below  this  ])oint,  is  termed  "volatile  petroleum."  All  wholesale 
storage  of  petroleum  must  take  place  in  the  Government  warehouse. 
For  retail  purposes,  200  gallons  in  metal  vessels,  or  50  gallons  in 
wooden  vessels,  may  be  kept  in  a  shop  or  store.  No  "volatile 
petroleum"  may  be  imported  under  penalty  of  forfeiture.  Comptroller 
of  Customs  draws  samples  of  cargo,  which  are  tested  by  the  Professor 
of  Chemistry.  Provision  is  made  for  re-testing,  in  case  the  owner 
objects  to  the  result  of  the  test. 

BELGIUM. 
The  regulations  are  local  only. 


COLONIAL  AND  FOREIGN.  767 

Antwerp. 

The  quantity  of  oil  to  be  kept  by  retailers,  is  limited  to  two  barrels. 

BERMUDA. 

Petroleum  Act,  1887. 

The  Act  applies  to  petroleum  giving  off  an  inflammable  vapour  at 
less  than  73°  F.  (method  of  testing  not  specified,  but  it  is  presumably 
the  Abel  test),  and  chiefly  relates  to  harbour  regulations  for  import 
vessels.  No  low-test  oil  may  be  kept  without  license,  otherwise  than, 
to  the  extent  of  3  gallons  in  separate  well-stoppered  vessels  holding 
not  more  than  1  pint.  These  vessels  are  to  be  labelled  "highly 
inflammable,''  and  to  bear  owner's,  sender's,  or  vendor's  name. 
Licenses  are  under  the  control  of  the  Governor.  Fraudulent  importa- 
tion, or  sale,  of  low-test  oil  is  punishable  by  penalty. 

BRITISH  BALUCHISTAN  AND  BRITISH  BURMA. 
The  Petroleum  Acta  of  India  {q^v,)  ai)ply. 

BRITISH  GUL^NA. 

By  the  Petroleum  Ordinance  (iTo.  14),  1872,  power  was  vested  in 
the   Governor  in   Council,  to  make  regulations  for  the  storage  of 
petroleum  and  its  products,  but  does  not  appear  to  have  been  ex- 
ercised. 

The  Tax  Ordinance  0/  1865  and  that  {No.  3)  0/I88I  fixed  the  duty 
on  "  oils  which  give  off  ah  inflammable  vapour  at  a  temperature  of  less 
than  130°  F."  at  $3  per  gallon,  all  other  oils  paying  only  15  cents  duty, 
without  specifying  how  the  test  should  be  applied,  the  object  of  the 
differential  duty  being  apparently  to  discourage  the  importation  of 
low-test  oil.  In  December,  1881,  the  Governor  authorised  the  ad- 
mission of  oils  testing  110"  F.  on  payment  of  15  cents  duty  in  cash  and 
$2.85  by  note  "  only  to  be  collected  in  the  event  of  the  Combined 
Court  refusing  to  refund  such  amount  of  duty."  The  existing  standard 
of  test  is  73°  F.  (Abel),  the  duty  being  18^  cents  per  gallon,  gasoline 
(when  admitted  by  consent  of  the  Governor  and  Court  of  Policy) 
paying  25  cents.  All  other  low-test  oils  pay  $3,  except  those  from 
the  United  States,  which,  by  agreement  between  the  two  Govern- 
ments, are  only  charged  $2.25  per  gallon.  These  regulations  are  laid 
down  by  the  Customs  Ordinance  {No,  2)  o/1892. 

BRITISH  HONDURAS. 
Dangerous  Goods  Ordinancej  No,  10,  0/ 1878. 

Standard  100°  F.  (open  test)  flashing  point. 

Limit  of  quantity  to  be  stored  without  license,  10  gallons  (and  this 
only  for  private  use),  unless  50  yards  distant  from  a  dwelling-house  or 
store.  Conditions  of  license  are  left  to  the  local  authority.  Provi- 
sion is  made  for  the  appointment  of  inspectors  for  testing,  and  for 
searching  suspected  premises. 


768  STATUTORY  AND  OTHER  REGULATIONS. 

CANADA. 
Pktrolbum  iNSPBcnoy  Acts. 

Revised  Statute*  of  Canada,  49  Vict.,  1886,  c.  102 ;  Petroleum  (Inapection)  Act, 
56  Vict.,  1893,  c  36;  Petroleum  {Iwtpection)  Act  Amendment,  57  and 58  Vict., 
1894,  e.  40. 

In  the  first-Darned  Act,  *'  petroleum  '*  is  defined  as  refined  mineral 
oils  and  their  products  weighing  not  less  than  7*75  lbs.  per  gallon  at 
62® F.  and  30  inches  barometric  pressure,  and  "naphtha''  as  all  such 
oils  weighing  less  than  the  amount  stated.  The  flashing  point  was  at 
first  fixed  at  95®  F.,  close  test,  and  no  oil  failing  to  pass  this  test,  or 
weighing  more  than  8*05  lbs.  or  less  than  7*75  lbs.  per  gallon,  was 
allowed  to  be  sold  for  illuminating  purposes,  except  for  burning  as 
vapour  in  street  lamps,  or  in  premises  where  it  could  be  vaporised 
in  underground  tanks  external  to  the  building,  or  for  technical  or 
chemical  purposes  in  buildings  other  than  dwellings  (Sect.  5). 

"  High-test  oil,"  weighing  between  8*23  and  8*32  lbs.  per  gallon,  and 
firing  at  295"  F.,  or  flashing  at  250"  F.,  open  test,  was  permitted  to  be 
sold  for  burning,  provided  the  packages  were  branded  as  such,  together 
with  the  weight  per  gallon  and  the  test. 

In  consequence  of  an  agitation  against  the  high  standard  of 
flashing  point,  a  reduction  was  made  in  1893,  to  90®  F.  for  ordinary 
illuminating  oil,  whilst  the  weight  and  test  for  the  "  high-test  oils  " 
were  changed  to  8*14  to  8*43  lbs.  per  gallon,  and  200"  F.  fire  test,  or 
180"  F.  flash  test.  This  reduction  not  being  regarded  as  sufficient, 
an  amending  Act  passed  in  1894  substituted  a  standard  flashing 
point  of  85"  F.  for  the  one  previously  in  force.  The  regulation  of 
the  standard  of  density  for  "high-test  oil"  was  at  the  same  time 
vested  in  the  Inland  Revenue  Department,  and  the  employment  of 
"composite  high-test  oil"  of  a  minimum  flashing  point  of  145"  F., 
"  for  outside  service  only,"  was  allowed  under  restrictions  as  to  specific 
gravity  to  be  prescribed  by  departmental  regulations. 

All  packages  containing  Canadian  petroleum  must  be  branded  by 
the  refiner,  or  his  agent,  with  the  flashing  point,  weight  per  gallon, 
gross  and  nett  weights,  tare  (in  lbs.),  number  of  gallons,  date  of  filling, 
and  name  of  retiner  or  packer,  and  must  be  inspected  before  leaving 
the  premises.  In  the  case  of  imported  petroleum,  the  inspector  who 
tests  it  shall  brand  each  package  with  the  flashing  point,  and  weight 
per  gallon,  and  shall  also  mark  it  with  his  name  and  the  date 
of  inspection.  Naphtha  shall  be  branded  as  such,  instead  of  the 
packages  being  branded  with  the  flashing  point.  Canadian  petroleum 
may  be  removed  under  permit,  without  inspection,  for  completion 
of  manufacture,  or  in  order  that  it  may  be  ])acked,  and  may  also 
be  exported  without  inspection,  but  if  offered  for  sale  in  Canada 
uninspected,  it  becomes  liable  to  confiscation.  Imported  petroleum 
pother  than  lubricating  oil)  not  conforming  to  the  Act,  must  be  branded 
"  rejected,"  and  will  be  forfeited  if  not  re-exported  within  ten  days. 
For  testing,  one  sample  must  be  drawn  from  every  10  packages,  two 
being  the  minimum.     Inspectors  may  enter  refineries  or  stores  during 
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business  hours  for  inspecting  and  sampling  petroleum  and  naphtha, 
and  may  take  samples  from  hawkers  or  other  persons  offering  these 
liquids  for  sale.  In  case  of  dispute  as  to  test,  the  decision  of  the 
Department  of  Inland  Revenue  at  Ottawa  shall  be  final.  Penalties 
are  incurred  by  keeping  petroleum  or  naphtha  in  unmarked  packages, 
or  not  in  conformity  with  the  marks  on  the  packages;  for  altering, 
counterfeiting,  or  improperly  using  inspectors'  brands;  substituting 
inferior  oils  for  the  contents  of  tested  vessels ;  and  by  an  inspector, 
for  allowing  fraudulent  use  to  be  made  of  his  brands  or  giving  a  false 
certificate ;  also  by  any  one  assuming  the  title  and  office  of  inspector 
without  due  authority. 

Storage  is  regulated  by  orders  of  Governor  in  Council,  no  person 
being  allowed  to  import  or  store  petroleum  or  naphtha  without  a 
permit  from  the  Minister  of  Inland  Kevenue.  All  imported  naphtha 
and  petroleum  must  be  in  packages  of  not  more  than  50  gallons*  each, 
and  must  be  entered  only  at  Customs  ports  specified  by  Governor  in 
Council,  who  may  likewise  designate  places  where  petroleum  for 
illuminating  purposes  may  be  imported  in  tank  cars  under  joint 
regulations  of  Customs  and  Inland  Revenue  Departments,  but  such 
petroleum  must  be  put  into  packages,  inspected  and  marked,  in  the 
manner  already  specified,  before  removal  for  consumption.  Oils 
intended  solely  for  lubricating,  and  unfit  from  their  nature  for  illum- 
inating, shall,  if  branded  ''non-illuminating,"  be  exempted  from  the 
provisions  of  the  Act  with  regard  to  inspection.  The  Abel  apparatus 
is  used  in  testing. 

Storage  {Order  in  Council  of  9th  January,  1889). — Where  there  are 
municipal  laws  respecting  petroleum  storage,  inspected  oil  may  be 
kept  in  accordance  therewith.  In  all  other  places,  petroleum  or 
naphtha,  if  exceeding  two  barrels  of  refined  petroleum  or  10  gallons 
of  naphtha,  must  be  stored  under  naphtha  license  from  the  Inland 
Revenue  Department  in  isolated  premises  at  least  100  yards  from  the 
nearest  building  not  owned  or  occupied  by  the  storer,  and  only  under 
the  conditions  of  sect.  5  of  the  "  Petroleum  Inspection  Act,  1886." 
With  regard  to  the  seizure  of  low-test  oil,  if  the  quantity  exceeds  ten 
barrels,  it  may,  after  being  branded  as  naphtha,  be  returned  to  the 
owner,  on  payment  of  the  money  penalty  imposed  by  the  Act,  and  on 
condition  that  it  is  refined  to  standard  test  oil.  This,  however,  applies 
to  a  first  offence  only  ;  in  all  other  cases,  the  seizing  officer  may  sell 
the  oil  at  a  fair  value  for  rectification,  the  money  being  forfeited. 
Quantities  of  less  than  ten  barrels  may  be  dealt  with  in  the  same  way, 
or  sold  to  be  stored  under  the  conditions  and  regulations  affecting 
naphtha.  An  order  in  Council,  dated  6th  June,  1892,  allows  storage 
of  naphtha  for  use  in  "  naphtha  launches,"  in  addition  to  the  purposes 
specified  in  Sec.  5  of  the  Act  of  1886.  The  amending  Act  of  1894 
authorises  the  Inland  Revenue  Department  to  allow  storage  in  metal 
tanks,  subject  to  this  Act,  and  the  regulations  made  thereunder. 

City  of  Quebec  (1866). — A  license  is  required.     Quantities  ex- 

^  The  Act  of  1894  sanctions  the  importation  nnder  departmental  reeulations 
(not  detailed)  of  gasoline  and  naphtha  m  iron  drums  holding  np  to  120  gulons. 
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ceeding  five  barrels  must  be  kept  in  a  building  or  place  not  less  than 
100  feet  from  any  other  building,  and  separated  therefrom  by  a  wall 
of  masonry  10  feet  high  and  12  inches  thick.  In  the  absence  of  such 
a  protecting  wall,  the  intervening  distance  from  other  buildings  must 
be  increased  to  300  feet.  In  such  cases,  the  limit  of  quantity,  if  any, 
would  appear  to  be  regulated  by  the  license.  Up  to  the  five-barrel 
limit,  the  oil  must  be  kept  in  well  closed  iron  tanks,  or  in  isolated 
stores  or  buildings,  well  ventilated,  and  expressly  adapted  for  that 
purpose  by  means  of  elevated  sides,  so  as  to  effectually  prevent  the 
overflow  or  escape  of  their  contents.  Full  powers  of  inspection  are 
conferred  on  the  officers  appointed  by  the  Council. 

City  op  Toronto. — Within  certain  specified  areas,  no  more  than 
ten  barrels  may  be  kept,  except  in  a  fire-proof  building,  thoroughly 
ventilated  and  isolated,  or  detached  26  feet  from  any  other  building 
(or  100  feet,  where  mineral  spirit  is  stored).  Outside  this  district,  the 
foregoing  restriction  applies  only  to  mineral  spirit,  and  not  to  refined 
petroleum.  In  all  cases,  the  place  of  storage  must  be  licensed,  the 
control  being  vested  in  the  Standing  Committee  on  fire,  water,  and 
gas. 

CAPE  COLONY. 

There  is  no  general  law  in  Cape  Colony  relating  to  the  importation 
and  storage  of  mineral  oils.  The  only  regulations  on  the  subject 
in  the  Colony,  are  those  framed  by  the  local  authorities.  These 
specify  the  quantity  that  may  be  stored  in  premises  without  license. 
The  limit  varies  considerably,  being  only  20  gallons  in  some  places^ 
while  in  others  it  is  as  much  as  100  gallons. 

CEYLON. 

Petroleum  Ordinance,  1887. 

"  Dangerous "  petroleum  is  defined  as  flashing  below  76'  F.  (Abel 
test),  a  margin  of  3°  being  allowed  where  a  cargo  is  declared  to  be  of 
uniform  quality  (the  samples  tested  must  average  73''  flashing  point, 
and  none  must  be  below  70**).  Lubricating  oil  flashing  at  over  200"  F. 
is  exempted.  More  than  3  gallons  of  "  dangerous"  petroleum  cannot 
be  imported  or  stored  without  license,  unless  kept  in  separate  vessels, 
securely  stopped,  and  holding  not  more  than'  1  pint.  Applications 
for  licenses  must  specify  quantity  to  be  stored,  nature  of  premises,  and 
description  of  storage  vessels ;  must  set  forth  the  purpose  for  which 
the  petroleum  will  be  used ;  and  must  declare  that  only  "  dangerous  " 
petroleum  can  be  employed  for  that  purpose.  Vessels  must  be  labelled 
*'  highly  inflammable,"  and  must  bear  a  description  of  the  contents  (in 
English,  Cingalese,  and  Tamil),  together  with  the  name  of  the  con- 
signee, sender,  or  vendor.  The  Governor  may  specify  the  ports  at 
which  petroleum  can  be  admitted,  and  may  make  regulatioDS  for 
discharging  and  storing ;  he  may  also  fix  the  number  of  samples  to 
be  tested,  and  arrange  for  the  re-testing  and  division  of  cargoes  lacking 
uniformity.     No  quantity  of  petroleum  exceeding  50  gallons  may  be 
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kept,  except  under  license  from  the  Local  Authority.  Hawking  is 
regulated  by  provisions  similar  to  those  of  the  English  Act  of  1881, 
the  limit  of  quantity  for  each  carriage  being  24  gallons.  Penalties 
and  confiscation  are  entailed  by  breaches  of  the  Act.  Petroleum 
flashing  above  120°  F.  may  be  exempted  by  the  Governor  from  the 
operation  of  the  Act.  Powers  of  search  of  suspected  premises  are 
granted  under  warrant. 

CHANNEL  ISLANDS— »ee  Guernsey  and  Jersey. 

CHINA. 

There  are  no  general  regulations  relating  to  the  transport  of 
petroleum  in  China.  At  the  open  ports,  the  Customs  regulations 
provide  for  the  berthing  of  vessels  carrying  petroleum  in  a  certain 
portion  of  the  harbour.  At  Shanghai,  the  Municipal  Council  for  the 
Foreign  Settlements  forbids  the  storage  of  petroleum  within  the  limits 
of  the  Settlements,  but  allows  each  vendor  to  have  not  more  than  ten 
cases  at  any  one  time  on  his  premises.  At  the  other  open  ports,  the 
regulations  are  practically  the  same.  In  China,  probably  each  city  has 
its  own  regulations,  but  what  they  are,  is  unknown  to  Europeans. 

CYPRUS. 
Petroletm  Acts  of  1883  and  1892. 

No  test  standard  is  prescribed.  Not  more  than  30  okes  (750  fluid 
ounces)  of  petroleum,  contained  in  separate  well-stoppered  vessels 
of  a  capacity  not  exceeding  12  .okes  (300  fluid  ounces)  each,  may  be 
kept,  either  for  private  use  or  for  sale,  except  under  license  from  the 
Municipal  Authorities. 

DENMAKK. 

The  Statute  Laws  aflecting  petroleum  are  those  of  2^th  November^ 
1870,  and  8/A  September,  1875 ;  and  under  these,  the  subjoined  regida- 
tions  have  been  issued  : — 

Storage  (ithJune,  1891). — Inflammable  liquids,  such  as  petroleum, 
turpentine,  camphine  and  similar  fluids,  ether,  petroleum,  naphtha, 
solutions  of  gum  in  turpentine,  and  all  other  '*  dangerous ''  liquids,  as 
defined  by  the  Law  of  26/A  November,  1870,  are  divided  into  two 
classes : — 

A.  Liquids  evolving  inflammable  vapour  at  or  above  40**  C. 

B.  Those  from  which  such  vapour  is  evolved  at  temperatures  below 
40'  C. 

Only  merchants  and  manufacturers  using  petroleum  for  industrial 
purposes,  may  store  quantities  exceeding  20  potter^  of  class  A  or  4 
2)oUer  of  class  B,  but  even  such  persons  may  not  keep  more  than  800 
potter  of  class  A  or  160  potter  of  class  B.  If  both  classes  are  stored 
together,  1  potter  of  class  B  is  considered  equivojent  to  5  potter  of 

*  A  pot  is  1  '7  imperial  pint. 
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cbuis  A.  For  quantities  of  not  more  than  200  paUer  of  class  A«  or  40 
of  class  B,  the  only  restriction  imposed  is  that  the  liquids  must  be  con- 
tained in  closed  bottles  or  tins ;  bat  for  larger  quaatities,  up  to  400 
poUer  of  class  A,  or  the  equivalent  of  class  B,  the  vessels  (barrels  are 
allowed  for  class  A)  must  be  stored  in  cellars  with  bricked  walls  and 
fire-proof  flooring,  well  ventilated  and  in  communication  with  the  open 
air.  Wood-lined  cellars  are  also  permitted,  provided  a  covering  of 
cement  is  applied  to  the  walls  and  ceiling,  with  a  lining  of  galvanised 
sheet  iron  of  a  minimum  thickness  of  No.  20  B.  W.6.,  and  doors  of  the 
same  strength  are  fitted.  The  window  sills  must  be  1  foot  above  the 
floor  level,  and  the  windows  protected  by  5-mm.-mesh  galvanised  iron 
screens.  Quantities  in  excess  of  the  foregoing,  must  be  kept  in  similar 
cellars,  directly  accessible  from  the  open  air  by  means  of  an  iron  door. 
In  all  cases,  a  supply  of  ^and  must  be  kept  at  hand  in  case  of  fire,  and 
all  barrels  must  rest  on  iron  supports  while  l^eing  emptied. 

Testing  (8<A  September,  1871). — The  apparatus  prescribed  by  this 
decree  is  that  known  as  the  "  Danish  cup,"  a  description  of  which  is 
given  on  p.  553.  To  apply  the  test,  the  water  bath  is  filled  up 
to  the  mark,  and  the  flame  of  the  lamp  regulated  to  produce  a  rise  in 
temperature  from  20*"  to  30*  0.  in  six  or  seven  minutes.  The  water  is 
stirred  before  observing  the  temperature,  and  when  the  last-named 
degree  is  reached^  the  oil  cup  is  placed  in  the  bath,  the  thermometer 
being  at  the  same  time  transferred  to  the  former  vessel.  The  test- 
flame  is  applied  at  each  degree  rise  in  temperature.  The  apparatus 
may  be  obtained  at  the  Public  Test  Office,  Copenhagen.  In  addition 
to  these  regulations,  there  is  a  law  of  3rd^  August^  1886,  defining  the 
limits  within  which  petroleum  may  be  stored  in  the  City  of  Copenhagen, 
and  another  of  17^  January,  1884,  providing  for  the  berthing  and 
discharge  of  import  vessels.  Ships  carrying  more  than  16  ''tonder'' 
are  allowed  to  anchor  in  the  inner  roads,  but  not  to  pass  into  the  inner 
harbour.  A  red  flag  must  be  displayed  at  the  foretop,  and  notice  of 
arrival  given  to  the  harbour  authorities,  who  will  decide  whether  it  is 
necessary  to  put  a  watch  on  board.  Vessels  with  less  than  1 6  tonder  ^ 
on  board  may  enter  the  harbour,  but  must  discharge  at  once.  In  1887, 
the  Danish  Government  brought  in  a  Bill  for  fixing  the  standard 
flashing  point  at  23°  0.  (Abel),  but  the  Bill  was  withdrawn. 

DOMINICA. 
Petroleum  Act,  1874. 

Standard  test  100*"  F.  (presumably  open  flash -test).  No  testing 
regulations.  Limit  of  quantity  to  be  stored  for  private  use  or  sale, 
17  gallons,  except  in  places  appointed  by  the  Governor.  No  sale 
allowed  except  under  license  from  Magistrates,  wlio  may  authorise 
storage  of  more  than  17  gallons.  Appeal  to  Governor  allowed  against 
Magistrates'  refusal  to  grant  license.  Governor  may  make  regulations 
for  storage  warehouses.  Magistrates  may  issue  search  warrants,  and 
Aggrieved  persons  may  appeal  to  Supreme  Court. 

^  A  tonde  is  28*0  imperial  gallons. 
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FALKLAND  ISLANDS. 
Ajiparently  no  regulations, 

FIJI. 
Keroatnt  Act,  Xo.  27,  0/ 1877. 

No  more  than  80  gallons  may  be  kept  in  a  house  or  store  unless  50 
yards  distant  from  other  property.  Larger  quantities  must  be  kept  in 
Government  warehouse.  No  test  is  prescribed,  the  term  "kerosene''' 
including  all  grades  of  mineral  oils. 

FRANCE. 

The  earliest  regulations  in  France  were  formulated  in  the  Decrees  of 
18^A  April  and  31  st  December ^  1866,  relating  to  dangerous  or  noxioua 
occupations,^  the  manufacture  and  distillation  of  petroleum,  shale,  and 
tar  oils  and  allied  substances  being  placed  in  the  1st  category  of  such 
trades,  because  of  the  smell  and  the  danger  of  ignition.  Storage 
depots  were  classified  in  the  1st  or  2nd  category,  according  to  the 
character  (t.c.,  whether  the  flashing  point  was  below  or  above  35*  C.)  of 
the  oil  stored.  A  further  classification  was  made  on  the  basis  of 
quantity,  stores  containing  between  1,050  and  10,500  litres  of  standard 
test  oil,  or  150  and  1,050  litres  of  low- test  oil,  being  considered 
as  belonging  to  the  2nd  class,  and  those  containing  over  10,500  litres 
of  standard-test  oil,  or  over  1,050  litres  of  low-test  oil,  as  in  the 
1st  class.  A  little  latitude  was  allowed,  by  the  letter  of  instructions 
to  the  prefects,  in  the  case  of  a  store-keeper  receiving  a  fresh  supply 
before  his  stock  was  quite  exhausted.  The  mode  of  ascertaining  the 
degree  of  inflammability  was  prescribed  by  these  regulations  (see 
section  on  Testing,  p.  550).  Storage  dep6ts  were  to  be  on  the  ground 
floor  or  in  a  cellar,  the  floors  of  cemented  stone,  and  the  door  sills  of 
stone,  1  decimetre  above  the  floor,  the  dividing  walls  in  the  case  of  cellars 
being  of  30  cm.  masonry.  Stores  on  the  ground  floor  were  to  be  of  one 
storey  only,  the  roofs  resting  on  iron  supports,  and  all  depdts  properly 
ventilated  and  well  lighted  by  daylight  only.  No  wood  was  permitted 
in  any  part  of  the  structure.  The  only  receptacles  or  storage  vessels 
allowed,  were  stoppered  metal  bottles,  sound  iron-bound  casks  of  150 
litres  maximum  capacity,  or  carboys  of  glass  or  earthenware  protected 
from  breakage  by  osier  baskets,  or  packing  in  straw,  <S^c.,  and  holding 
not  more  than  60  litres,  and  transport  was  permitted  only  in  such 
vessels.  It  was  further  prescribed  that  the  transfer  of  oil  from  one 
vessel  to  another  should  only  take  place  in  daylight,  and  should,  as 
far  as  possible,  be  effected  by  means  of  pumps.    A  few  fixed  lights  were 

^  These  occupations  were  divided  into  three  classes,  viz. : — 

I.  Trades  which  might,  by  reason  of  their  unpleasant  nature  and  danger,  only 
be  carried  on  at  a. distance  from  inhabited  houses. 

n.  Occupations  for  which  isolation  was  unnecessary  if  proper  precautions  were 
taken  for  public  safety. 

III.  Pursuits  not  liable  to  become  obnoxious,  but  which  must  be  under  police 
surveillance. 
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allowed  in  stores,  but  at  a  distance  from  the  more  inflammable  oils, 
as  also  from  those  being  retailed,  and  only  absolutely  safe,  closed,  por- 
table lights  were  permitted  when  additional  lighting  became  necessary. 
Smoking,  fire,  and  the  storage  of  empty  barrels  or  other  combustible 
matter  were  prohibited,  and  sand  was  to  be  kept  in  readiness  to  ex- 
tinguish an  outbreak  of  fire.     An  interesting  portion  of  these  early 
regulations  is  that  which  takes  the  form  of  advice  to  the  users  of 
mineral  oils  for  illumination.    The  recommendations  were  substantially 
as  follows : — Lamps  should  have  the  container  large  enough  to  hold 
more  oil  than  would  be  burned  at  one  time  of  using.     Containers 
should  be  strongly  made  of  transparent  glass  to  facilitate  inspection 
of  the  contents,  and  the  fittings  should  be  securely  attached  by  means 
of  a  cement  impervious  to  the  oil,  care  being  also  taken  that  there 
were  no  apertures  in  the  fittings  to  form  a  communication  with  the 
tube  carrying  the  wick.     Heavy  pedestals  to  minimise  risk  of  over- 
turning, as  well  as  extinguishing  and  trimming  appliances,  were  recom- 
mended.    A  caution  was  given  against  the  carrying  about  of  lighted 
lamps,  and  suggestions  were  made  in  reference  to  replenishing.     In 
case  of  the  chimney  breaking,  the  lamp  was  directed  to  be  extin- 
guished,  to   prevent   overheating  of  the   metallic  fittings   and   the 
consequent  danger  of  explosion,  and  the  superiority  of  sand,  earth,  or 
ashes  to  water,  in  case  of  fire,  was  pointed  out. 

The  present  laws  in  France  are  epitomised  in  the  following : — 

Abstract  of  the  Decree  of  the  French  Government  relating  to  tfie 
manufacture  arid  storage  o/,  and  xvliolesale  atid  retail  trade  in, 
petroleum,  Idth  May,  1873. 

By  this  decree,  petroleum  and  its  products,  shale  and  tar  oils,  spirits 
and  other  liquid  hydrocarbons  for  lighting,  heating,  the  manufacture 
of  colours  and  varnish,  cleansing  and  other  purposes,  are  divided  into 
two  classes,  those  giving  off  inflammable  vapour  below  35"  C.  being 
included  in  Class  I.,  and  all  others  being  grouped  under  Class  II.,  the 
mode  of  testing  to  be  determined  by  the  Minister  of  Agriculture  and 
Commerce,  with  advice  from  the  Consulting  Committee  on  Art  and 
Manufactures.  Factories  for  manufacturing,  distilling,  and  using  any 
of  the  above  substances  on  a  large  scale,  are  placed  in  the  1st  class  of 
dangerous,  insalubrious,  and  objectionable  establishments,  as  set  forth 
in  the  Decree  of  15th  October,  1810,  and  the  Ordinance  of  14th 
January,  1815.  Stores  and  entrep6ts,  where  the  articles  in  question 
undergo  a  simple  washing  with  cold  water,  or  transference  from  one 
vessel  to  another,  are  classified  as  follows  in  accordance  with  the 
system  prescribed  by  the  foregoing  decrees : — 

Ist  Class  when  containing  over  3,000  litres  of  liquids  of  the  1st 
category  (or  the  equivalent  in  the  2nd  category). 

2nd  Class  containing  1,500  to  3,000  litres  of  the  same. 

3rc^  Class  containing  between  300  and  500  litres. 

Five  litres  of  liquids  of  the  2nd  category  are  taken  as  the  equivalent 
of  1  litre  of  the  1st  for  the  above  classification,  and  other  inflammable 
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liquids,  such  as  alcohol,  ether,  carbon  bisulphide,  <Src.,  are  divided  into 
the  1st  or  2nd  category  on  exactly  the  same  basis  as  the  petroleum 
products.  The  places  of  storage  must  be  surrounded  by  a  wall  at 
least  2^  metres  high,  with  only  one  opening'  which  must  lead  into  a 
public  road,  and  be  closed  by  a  strong  iron-plated  door  kept  locked 
from  nightfall  till  morning,  the  key  to  be  kept  by  the  proprietor  or  his 
deputy.  All  workmen  entering  or  leaving  the  premises  by  day  must 
be  under  strict  surveillance.  The  only  dwelling  for  occupation  at 
night,  allowed  within  the  walls,  is  the  watchman's  house,  and  this 
must  be  isolated  by  a  wall  at  least  1*2  metre  high,  without  opening. 
No  buildings  of  any  kind  may  be  erected  within  50  metres  from 
the  external  walls  of  the  store  in  the  case  of  stores  of  the  1st  class, 
and  4  metres  in  the  case  of  stores  of  the  2nd  class.  The  stationary 
plant  or  storage  tanks  must  be  at  least  50  centimetres  from  the  wall, 
and  must  admit  of  ready  inspection.  The  flooring  of  the  stores  must 
be  flagged  or  cemented  and  provided  with  gutters  running  into  covered 
cisterns  large  enough  to  hold  the  entire  liquids  stored — in  case  of 
accidental  leakage  or  spilling — and  all  must  be  kept  in  a  serviceable 
condition.  If  the  store  is  of  sufficient  capacity,  and  is  either  partly 
underground  or  surrounded  by  an  efficient  wall  without  any  opening, 
the  cisterns  may  be  dispensed  with.  Any  warehouse  or  shed  used  for 
storage  must  be  of  one  storey  only,  incombustible,  and  well  ventilated 
in  the  roof.  Storage  tanks  must  be  of  met  U  with  movable  covers,  or 
iron-bound  wooden  vessels,  and  fixed,  oil-tight,  pumps  must  be  used 
for  transferring  liquids  of  the  1st  class  to  vessels  at  higher  levels. 
No  empty  casks  or  litter  of  any  kind  may  remain  in  the  store.  All 
operations,  such  as  receiving,  storing,  weighing,  and  delivering,  must 
take  place  only  by  daylight,  access  to  the  store  at  night  being  strictly 
prohibited,  as  well  as  smoking  or  the  introduction  of  any  fire,  lights 
or  matches.  (^.  J5. — In  the  South  of  France,  Italy,  and  Spain,  portable 
charcoal  fires  are  much  used.)  This  prohibition  must  be  conspicuously 
exhibited  near  the  doorway.  For  extinguishing  any  outbreak  of  fire, 
a  sufficient  quantity  of  sand  or  earth  must  be  kept  close  by  the  store. 
The  Magistrates,  subject  to  the  approval  of  the  Minister  of  Agriculture 
and  Oommerce,  may  impose  any  further  special  restrictions  in  the 
interest  of  public  safety,  and  may  also,  subject  to  the  same  con- 
ditions, grant  licenses  on  other  terms  offering  the  same  degree  of 
security.  Stores  of  the  2nd  and  drd  class,  and  those  for  liquids  of 
Class  II.,  are  subject  to  the  same  regulations,  but  small  stores  for  less 
than  300  litres  of  liquids  of  Class  I.,  or  the  equivalent  in  liquids  of 
Class  II.  (viz.,  1,500  litres)  require  no  license.  The  proprietor  must, 
however,  lodge  with  the  Mayor  of  the  Commune  and  the  Prefect  of 
the  Arrondissement,  a  minute  description  of  the  surrounding  locality. 
These  stores  are  subject  to  the  same  regulations  as  others,  for  ensuring 
safety,  and  must  be  partly  underground  and  surrounded  by  a  bank 
of  earth  or  masonry  to  prevent  outflow.  The  regulations  applicable 
to  the  retail  trade  are  briefly  as  follows : — The  retailer  must  give  the 
Mayor  and  Sub-Prefect  an  exact  description  of  the  place,  quantity, 
mode  of  storing,  and  deliyery,  and  must  store  liquids  of  Olmss  L  in 
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proper  metal  vessels  having  not  more  than  two  apertures,  effectually 
closed  by  tap  or  stopper,  transference  into  other  storage  receptacles 
not  being  permitted.  These  vessels  must  not  hold  more  than  60 
litres  each,  and  are  to  be  plainly  and  indelibly  marked  ''  Inflammable 
Spirit ;  ^  they  are  to  be  kept  isolated  from  the  rest  of  the  goods  in  the 
shop,  and  provided  with  a  vessel  attached  to  the  tap  to  collect  any 
droppings.  Storage  in  cellars  is  forbidden,  and  for  the  prompt  ex- 
tinction of  fire,  a  sufficient  quantity  of  sand  or  earth  must  be  kept  on 
the  spot.  Delivery  to  customers  may  be  made  only  in  properly 
stoppered  and  labelled  tins,  filled  direct  from  the  storage  vessels,  and 
all  such  transfers  may  be  made  during  daylight  only.  If  the  oil  is 
kept  stored  in  cans  ready  for  delivery,  and  holding  not  more  than  5 
litres  each,  contained  in  a  metal  lined  box  forming  a  tank,  delivery  by 
artificial  light  is  permitted.  Liquids  of  Class  II.  are  to  be  stored  in 
metal  tanks  holding  not  more  than  350  litres,  plainly  marked  "Mineral 
Oil."  Retailers  are  not  allowed  to  keep  a  greater  stock  than  300 
litres  of  liquids  of  Class  I.  or  their  equivalent.  The  retailer  may  store 
the  liquids  in  original  packages  in  warehouses  or  stores,  in  a  yard  or 
other  detached  space,  provided  the  buildings  are  isolated  from  any 
building  containing  combustibles,  are  well  ventilated,  kept  locked,  and 
are  surrounded  by  a  solid  earth,  brick,  or  stone  wall  forming  a  cistern 
to  prevent  outflow.  Additions  may  be  made  to  the  foregoing  regula- 
tions, in  the  interest  of  public  safety,  by  the  Prefect,  under  advice 
from  the  Sanitary  Council.  Traders  already  licensed  under  the  old 
law  may  continue,  but  may  not  make  any  alterations  except  in  con- 
formity with  these  rules,  and  any  contravention  of  the  same  on  the 
part  of  any  trader  or  storer  will  be  visited  by  tines  and  closing  of 
the  premises.  Transport  of  all  inflammable  liquids  must  take  place 
exclusively  in  suitable  metal  tanks  or  wooden  barrels.  This  decree 
revokes  that  of  27th  Janiiary,  1872,  and  amends  that  of  31^?^  December , 
1866,  in  so  far  as  relates  to  the  storage  of  hydrocarbon  liquids.  Pre- 
fects of  Police  are  vested  with  the  powers  conferred  by  this  decree  on 
Prefects,  Sub-Prefects,  and  Mayors,  and  the  execution  of  the  decree  is 
vested  in  the  hands  of  the  Minister  of  Agriculture  and  Commerce. 

The  question  having  arisen  as  to  how  far  the  regulations  in  the 
decree  of  the  \%th  May,  1873,  are  applicable  to  the  retail  trade,  in 
respect  to  inflammable  liquids  of  the  second  class,  the  Minister  of 
Commerce  addressed  a  Circular  Letter,  dated  '12nd  November,  1893,  to 
the  Prefects  of  Departments,  stating  that  the  Consultative  Committee 
on  Ajrts  and  Manufactures,  having  deliberated  on  the  subject,  had  come 
to  the  conclusion  that,  while  the  restrictions  as  to  carrying  on  all 
operations  in  daylight  only,  the  stores  being  closed  at  night,  applied 
to  large  stores,  irrespective  of  the  class  of  liquid  contained  in  them, 
it  was  not  intended  that  they  should  apply  to  retail  establishments, 
except  as  regards  liquids  of  the  first  class — i.e.,  flashing  below  35"" 
C, — and  that  consequently,  retailers  of  high-test  oil  (Class  II.)  are 
not  debarred  from  selling  by  artificial  light. 

Testing. — The  first  testing  directions  were  prescribed  by  the  decree 
of  Z\8t  December^  1866,  the  weight  of  a  litre  of  the  oil  being  fixed 
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at  800  grammes  minimum,  and  the  standard  igniting  point  at  35^  C. 
The  test  was  applied  by  heating  the  oil  in  a  copper  cup,  6  to  7  cm.  in 
diameter  by  2  to  3  cm.  in  depth,  placed  in  a  water  bath.  When  the 
temperature  reached  35°  C,  as  indicated  by  a  thermometer  placed  in 
the  oil,  a  lighted  match  was  to  be  drawn  across  the  surface  of  the  oil 
and  then  plunged  into  the  liquid.  If  the  match  was  extinguished 
without  igniting  the  oil,  the  latter  was  considered  to  have  passed  the 
test.  In  order  to  remove  the  objection  that  at  the  moment  when  the 
thermometer  indicated  35*",  the  oil  itself  would  be  at  a  somewhat  higher 
temperature,  it  was  provided  that,  in  case  the  owner  of  the  oil  raised 
this  objection,  the  test  should  be  repeated  by  heating  the  oil  up  to  36* 
or  37°  C.,  allowing  it  to  cool,  and  applying  the  match  at  the  instant 
the  thermometer  marked  35*. 

The  testing  instrument  now  employed,  is  the  Granier,  a  description 
of  which  is  given  pn  p.  580.  The  standard  of  test  remains  the  same, 
viz.,  35**  C,  although  the  apparatus  records  the  flashing  point  of  the 
oil,  whilst  with  the  tester  previously  in  use,  the  ignition  point  was 
taken. 

GAMBIA. 
Apparently  no  regulations. 

GERMANY. 
Berlin. 

Law  of  ^h  August,  1S83. 

The  law  relates  to  crude  petroleum  and  its  distilled  products  (in- 
cluding petroleum  ether,  gasoline,  benzine,  ligroin,  ncolin,  naphtha^ 
essence  of  petroleum,  refined  petroleum,  oil  for  cleaning  purposes, 
lubricating  oils),  and  oils  made  from  lignite  or  coal  tar  (viz.,  photogene, 
solar  oil,  benzol,  <fec.),  and  shale  oil.  -  These  liquids  are  divided  into 
two  classes  as  follows : — 

Class  I.  Those  which  flash  below  21"  0.  (=698°  Fahr.),  Abel- 
Pensky  test,  at  760  mm.  barometric  pressure,  as  prescribed 
in  Imperial  degree,  24th  February,  1882,  §  2  (R.  G.  BL 
§  40). 

„  II.  Those  which  flash  above  this  point. 

When  kept  on  premises  occupied  or  used  by  people,  particularly  in 
dwellings,  including  the  kitchens,  the  adjoining  store  rooms,  in  ofiices,. 
hotels,  public-houses,  and  workshops,  the  maximum  quantity  allowed 
is — 

Class  I.  2  kilos. 
„  II.  20  kilos.,  which  must  be  kept  as  directed  for  shops. 

A  retailer  niay  keep,  of : — 
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Class  I.  15  kilos.,  if  it  is  all  kept  in  metal  vessels;  or  of 

„  II.  300  kilos.,  if  it  is  all  kept  in  metal  vessels,  or  50  kilos,  if 
not  all  so  kept. 

When  more  than  half  a  litre  of  mineral  spirit  is  sold,  it  must  be 
in  zinc  vessels.  Below  this  q.uantity,  it  may  be  sold  in  well-closed  glass 
bottles.  It  must  not  be  transferred  from  one  vessel  to  another  by 
artificial  light. 

When  the  quantities  exceed  those  above  allowed  for  retail  shops 
viz.: — 

Class  I.  15  kilos.,  and  do  not  exceed  100  kilos.; 
„  II.  300  kilos.,  and  do  not  exceed  1,000  kilos., 

the  premises  must  be  registered  with  the  local  police.  These  larger 
quantities  may  only  be  stored,  in  cellars  or  otherwise,  on  a  ground 
floor,  without  any  drains  or  outlets  communicating  with  the  street, 
and  not  artificially  lighted  or  heated,  but  provided  with  good  ventila- 
tion. The  floor  of  this  part  of  the  premises  must  be  of  impermeable 
and  incombustible  material,  inclosed  by  a  continous  and  fireproof  wall 
of  such  a  height  that  the  space  within  this  surrounding  wall  shall  be 
large  enough  to  contain  all  the  liquid  therein  if  suddenly  liberated. 
Or  such  storage  may  take  place  in  courts,  gardens,  or  other  pieces 
of  land  properly  fenced  in,  if  the  escape  of  the  liquid  is  prevented  by 
burying  the  casks,  or  by  a  fireproof  enclosure.  The  drawing  off"  of 
the  liquid  in  these  places  and  the  handling  of  the  same  is  allowed 
by  daylight  only.  No  license  is  required,  but  registration  is  necessary. 
When  the  quantities  exceed  those  allowed  above,  viz.: — 

Class  I.  100  kilos.,  and  do  not  exceed  1,000  kilos. ; 
„  II.   1,000  kilos.,  and  do  not  exceed  10,000  kilos., 

then  a  license  must  be  obtained  from  the  local  police,  who  in  granting 
it  are  to  have  regard,  so  far  as  circumstances  may  appear  to  render 
necessary,  to  the  conditions  laid  down  for  the  storage  of  unlimited 
quantities ;  and  in  no  case  may  they  dispense  with  the  conditions  laid 
down  above.     When  the  quantities  are  still  larger,  viz.: — 

Class  I.  Exceeding  1,000  kilos., 
„  II.  Exceeding  10,000  kilos., 

then  a  license  must  be  obtained  from  the  imperial  police  (as  dis- 
tinguished from  the  local  police).  The  following  regulations  (subject 
to  such  occasional  deviation  as  special  circumstances  may  appear  to 
render  necessary  and  advisable)  are  to  be  observed  in  such  places  of 
storage.  (a)  The  warehouses  or  wharves  must  be  surrounded  by  a 
wall  at  least  2*5  metres  high,  and  accessible  all  round  in  case  of  fire. 
{b)  There  must  intervene  between  the  liquids  (or  all  buildings  con- 
taining the  liquids)  and  any  building  outside  the  wall,  a  distance  of  not 
less  than  60  metres,  (c)  The  flooring  or  ground  of  those  parts  of  the 
premises  where  liquid  is  to  be  stored,  must  be  constructed  of 
impermeable  and  incombustible  material,  and  have  an  incline  of  at 
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least  1  in  100  towards  one  or  more  reservoirs  fitted  with  grating;  and 
the  floor  must  be  sunk  below  the  level  of  surrounding  ground  or  be 
surrounded  by  a  continuous  fireproof  enclosure.  In  either  case,  the 
tank  capacity  (inclusive  of  the  reservoirs)  must  be  sufficiently  large  to 
contain  the  whole  quantity  of  liquid  stored  therein  should  it  all 
become  suddenly  liberated,  {d)  If  the  liquid  is  stored  in  buildings, 
they  must  be  surrounded  by  massive  stone  walls  and  be  of  one  storey 
only,  well  lighted  and  ventilated,  and  not  artificially  lighted  inside  or 
out.  (e)  Business  must  be  carried  on  upon  the  premises  by  daylight 
only,  and  only  a  watchman  may  be  allowed  at  night.  (/)  No  light, 
fire,  smoking,  matches,  &c.,  is  allowed  on  the  premises,  (g)  No 
dwelling  place  is  permitted  on  the  premises  except  one  for  the 
watchman,  which  is  to  be  separated  from  other  parts  of  the  premises 
by  a  wall.  The  regulations  {a)  and  (6)  (surrounding  walls  and 
observance  of  particular  distances)  may  be  dispensed  with  where  only 
liquids  of  Glass  II.  are  kept,  but  the  licensing  authorities  are,  in  such 
cases,  to  assign  conditions  as  to  the  enclosure  and  the  distances  to  be 
observed.     It  is  directed  that — 

1.  Where  liquids  of  Class  I.  are  kept  with  those  of  Glass  II.  (or 
other  inflammable  liquids),  or  are  separated  therefrom  by  partitions  not 
constructed  throughout  of  fireproof  materials  and  free  from  openings, 
the  regulations  applicable  to  Class  I.  will  apply  to  the  whole. 

2.  Where  liquids  of  Glass  II.  are  kept  with  other  inflammable 
liquids,  or  separated  therefrom  by  partitions  not  constructed  through- 
out of  fireproof  materials,  or  free  from  openings,  the  regulations 
applicable  to  Class  II.  will  apply  to  the  whole.  The  rules  do  not  apply 
to  places  where  crude  petroleum  is  produced,  or  factories  where  the 
products  are  made  or  used  for  manufacturing  purposes,  these  places 
being  subject  to  the  Industrial  Ordinance  (or  Factory  Act),  and 
regulated  by  the  competent  authorities  thereunder.  Licenses  are  not 
required  for  existing  places  for  unlimited  storage,  or  for  warehouses 
already  existing,  where  the  regulations  are  complied  with  in  respect  to 
the  quantities  kept. 

Transport  in  Berlin. — Conveyance  of  liquids  of  Class  I.  in  carboys 
by  van  is  allowed,  provided  the  carboys  are  packed  securely  in  wooden 
boxes  (or,  if  singly,  in  tubs  or  baskets),  well  lined  with  straw  or  other 
protective  material,  properly  fastened  down. 

Bremen. 
Laic  of  3rd  May,  1872. 

The  law  relates  to  all  oils  which  give  off  inflammable  vapour  or 
ignite  easily  (except  vegetable  and  animal  oils),  and  all  kinds  of  liquids 
possessing  the  same  properties.     The  classification  is  as  follows : — 

(a)  Oils  and  liquids  giving  ofl*  inflammable  vapour  at  a  temperature 
below  30"  Reaumur  (100**  F.). 

(b)  Oils  and  liquids  giving  off  inflammable  vapour  at  30'  R^umur 
or  above. 

The  quantities  and  authorised  modes  of  keeping 
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ReUil  Shopi.  Storeg.1 

Class  (a)  100  lbs., 1,500  lbs. 

Class  (6)  300  lbs., 3,000  Ibe. 

In  shops  (other  than  chemists*  shops)  the  liquids  must  be  kept  and 
delivered  in  well-closed,  completely  filled  vessels  of  metal,  glass,  china, 
or  earthenware,  and  containing  no  more  than  50  lbs.  The  opening  of 
such  vessels,  and  transference  of  the  contents  into  other  vessels  in 
shops,  is  prohibited.  The  liquids,  if  not  used  for  burning,  must  be 
kept  in  well-closed  vessels  of  metal,  glass,  china,  or  earthenware.  In 
excess  of  the  foregoing  quantities,  the  liquids  must  be  kept  in  public 
warehouses  approved  by  the  police  authorities.  Use  of  fire  or  matches 
and  smoking,  are  prohibited  in  warehouses  and  stores,  as  well  as  on 
board  ships  laden  with  inflammable  liquids.  Naked  lights  are  gener- 
ally prohibited,  but  in  a  shop,  fixed  gas  jets  or  well  protected  lamps  or 
lanterns  are  allowed,  though  no  exposure  of  inflammable  liquids  may 
take  place  by  artificial  light. 

Loading  J  Landingy  and  Storage  of  Petroleum  and  Solar  Oil. 

Senate  Law,  2eth  Xov.,  1866. 

This  decree  provides,  that  in  view  of  the  inflammable  nature  of  these 
oils,  all  quantities  exceeding  1,000  Ihs.  (German)  must  be  kept  in  a 
specially  appointed  store  under  police  supervision.  Masters  of  vessels 
arriving  are  to  give  notice  to  the  harbour  authorities,  stating  what 
quantities  of  crude  or  refined  oils  are  on  board,  and  to  moor  their 
vessels  according  to  directions.  No  loading,  discharging,  or  removal  of 
petroleum  vessels  is  allowed  without  special  ])ermit.  Fires,  Hglits,  and 
smoking  are  prohibited  on  petroleum  vessels. 

Testiiig  Regulations  of  (lie  Bremen  Petroleum  Exchange^  relatitig  to 

Colour  and  Flashing  Point. 

The  proprietor  of  a  parcel  of  petroleum  wishing  to  have  its  colour 
and  (or)  flashing  point  tested,  must  send  his  barrels  marked  for 
identification,  to  the  quay  or  the  wharf,  and  forward  to  the  test 
office  a  signed  declaration  with  the  fees  as  determined  by  the 
Exchange. 

The  barrels  will  be  sampled  and  the  samples  mixed  by  the  testing 
officials  as  follows  : — 

Up  to  100  brls.  6  brls.  to  be  sampled,  equal  to  2  test  samples. 
From  lOi  to  200    „     9    „  „  „  :^        ,, 

„      201  to  300    „    12    „  „  „  4 

„      301  to  600    „  15    „  „  ,,  .■) 

„      601  to  700    „   18    „  „  ,,  (i 

„      701  to  1,000,,  21    „  „  ,.  7 

^  The  stores  must  be  well  ventilated,  situated  in  cellars  or  basements,  entirely 
separated  from  other  parts  of  the  premises  used  for  trading,  industrial  or  domestic 
purposes,  and  kept  loclced.  There  must  be  no  drains  communicating  with  premises 
on  a  lower  level ;  sewers,  &c.,  are  allowed. 
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Over  1,000  barrels,  2  per  cent,  are  sampled,  or  as  many  over  2  per 
cent,  as  shall  be  necessary  to  make  the  number  of  samples  a  multiple 
of  3.  Closing  the  barrels  after  sampling  is  to  be  done  by  the  owner 
or  at  his  expense.  For  testing  the  flashing  point,  the  Abel  apparatus 
(approved  by  the  Imperial  Commission  of  Standards  and  in  accordance 
with  the  Imperial  Chancellor's  Schedule,  20th  April,  1882)  is  used. 

If  all  the  samples  pass  the  standard  test  of  2 TO.  flashing  point,  at 
760  mm.  pressure,  the  parcel  they  represent  is  declared  tenderable  on 
spot  and  forward-delivery  contracts,  and  each  barrel  is  marked  as  com- 
plying with  the  test  of  the  Bremen  Petroleum  Exchange  ("  Heichstest 
der  Bremen  Petroleum  Borse  "). 

N,B, — Corrections  are  made  for  barometric  pressure  according  to 
a  table  published  by  the  Chancellor  (see  p.  570).  If  any  of  the  samples 
flash  below  21°  C.  at  760  mm.,  then  the  parcel  is  condemned  as  not 
tenderable  on  contracts.  In  such  case,  the  owner  can  have  it  re-tested 
in  parts  of  not  more  than  100  barrels  each,  making  a  fresh  declaration 
for  each  parcel.  Oil  flashing  below  21'  C.  must  be  branded  on  the 
barrels  as  *'  highly  inflammable,''  or,  at  the  request  of  the  owner,  may 
be  marked  with  the  interim  stamp  of  the  Exchange,  provided  he 
furnishes  an  acceptable  guarantee  that  such  oil  shall  not  be  entered 
into  the  German  Empire  for  sale.  For  testing  the  colour  of  the  oil, 
Wilson's  chromometer  is  the  standard  instrument  used.  The  following 
is  the  classification  : — (1)  Prime  white,  (2)  standard  white,  (3)  prime 
light  straw  to  white,  to  standard  white,  (4)  prime  light  straw  to  white, 
(5)  light  straw,  and  (6)  straw.  The  colour  is  indicated  on  the  barrels, 
by  one  of  the  preceding  numbers  added  to  the  test  stamp.  If  the 
owner  is  not  satisfled  with  the  result  of  the  colour  test,  he  can  have 
the  test  repeated  on  any  part  of  the  parceL  For  oil,  not  below  standard 
white  in  colour,  which  passes  the  test  of  flashing  point,  a  certificate  to 
that  efiect  is  given ;  for  all  other  oils,  the  certificate  is  given  according 
to  quality.  Such  certificates  are  to  be  signed  by  the  Director  of  the 
test  office  or  the  second  official. 

Port  of  Bkemerhaven. 

Regulations  ofilhs  Harbour  Board  for  the  Discharging^  Loading,  and 
Storing  of  Petroleum  and  Solar  Oil  {mineral  oU  distilled  from 
lignite). 

I5th  April,  1877. 

Vessels  carrying  these  oils  will,  as  a  rule,  and  provided  that  their 
admission  is  consonant  with  the  harbour  regulations,  be  allowed  to 
enter  the  Kaiserhafen  only.  The  captain  must  report  to  the  Harbour 
Authorities  the  nature  of  his  cargo,  and  the  number  of  barrels  which 
it  comprises,  before  entering  the  dock,  the  maximum  penalty  for  omis- 
sion being  20  marks  per  barrel.  Watchmen  are  appointed,  at  the 
ship's  expense,  to  ensure  the  absence  of  all  lights,  fire,  and  matches, 
and  to  prevent  smoking.  Cargo  must  be  discharged  immediately  the 
ship  is  at  the  berth,  care  being  taken  to  avoid  blocking  up  gangways 
on  board  or  on  shore.    Storage  is  effected  in  the  manner  prescribed  by 
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the  regulations  of  18th  September,  1874.  Vessels  loading  must  leave 
immediately  the  cargo  is  all  on  board.  Vessels  discharging  must  be 
thoroughly  cleansed,  dunnage  wood  stored  or  disposed  of  by  direction 
of  the  Harbour  Authorities,  and  all  rubbish  taken  ashore  at  once. 
The  Harbour  Authorities  are  empowered,  under  certain  circumstances^ 
to  refuse  admittance  to  the  harbour,  or  to  expel  from  the  harbour, 
ships  already  admitted,  and  to  impose  fines  for  breaches  of  these 
regulations. 

For  tank  steamers  importing  petroleum  in  bulk,  the  following  regular 
tions  are  in  force : — Tank  steamers  about  to  discbarge  their  cargo  in 
the  Kaiserhafen  with  their  own  steam  must  get  up  steam  in  the  roads. 
In  putting  out  the  boiler  fire,  it  must  not  be  raked  out  on  to  the  floor 
plate,  but  allowed  to  burn  out  in  the  fire-box.  Sampling  the  oil  and 
driving  out  the  vapour  from  the  tanks  must  be  carried  out  in  presence 
of  the  official  watchman,  and  in  the  roads.  While  the  vessel  is  in  the 
Kaiserhafen,  no  tank  hatches  may  be  unscrewed  except  of  those  tanks 
actually  being  pumped  out,  and  these  covers  must  only  be  raised 
sufficiently  to  admit  air  for  the  prevention  of  rarefaction  in  the  tank. 
Hatchways  may  only  be  completely  opened  during  daylight,  and  when 
the  tanks  are  empty,  and  the  covers  must  be  replaced  without  loss  of 
time.  The  boiler  arrangements  must  conform  to  the  Imperial  Begula- 
tions,  and  be  open  to  examination  by  the  inspector  of  boilers.  The 
pump  boiler  chimneys  must  be  provided  with  spark  catchers.  Due 
notification  to  the  authorities  of  the  arrival  of  a  tank  steamer,  is  com- 
pulsory, and  the  consignee  is  responsible  for  the  conveyance  of  the 
necessary  watchman  on  board  while  the  vessel  is  still  lying  in  the 
roads. 

Hamburg. 

Law  o/20th  December,  1882. 

Law  applies  to — A.  "Crude  petroleum  and  its  lighter  products'* 
(including  refined  petroleum  having  a  flashing  point  below  21®  C. 
(GO'S**  F.,  Abel-Pensky  test).     B.  Refined  petroleum  and  turpentine. 

Class  A.  may  be  stored  up  to  50  kilos,  without  any  license,  but 
subject  to  the  following  regulations : — The  liquid  must  be  kept  in 
tin  vessels  bearing  prominently  on  a  red  ground  the  words  "  highly 
inflammable,"  and  must  be  handed  to  the  purchaser  in  vessels  similarly 
labelled.  The  sale  must  take  place  by  daylight,  and  the  store  must  not 
be  entered  with  a  naked  light.  When  the  liquid  is  low-test  refined 
petroleum,  a  metal  vessel  for  keeping  is  not  compulsory.  Low-test 
refined  petroleum  may  only  be  stored  within  the  limits  of  the  petro- 
leum harbour,  except  by  special  permission,  under  which  dealers  may- 
store  on  their  premises  up  to  150  kilos,  provided  the  vessels  are 
marked  "  highly  inflammable,"  and,  in  addition,  *^  special  precautions, 
to  be  taken  if  used  for  burniug,"  if  sold  in  vessels  containing  les& 
than  50  kilos. 

Class  B. — On  private  premises  outside  the  petroleum  harbour,  refined 
high-test  oil  may  be  stored  up  to  50  barrels  without  special  license, 
subject  to  the  following  regulations : — (a)  The  storage  place  must  be 
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surrounded  by  massive  walls,  (b)  The  storage  place  must  have  no 
communication  with  sewers,  canals,  streets,  or  courts,  (c)  The  flooring 
must  be  at  least  0*6  metre  below  the  level  of  the  street  or  court, 
and  must  always  be  covered  with  a  layer  of  sand  0*3  metre  thick. 
{d)  The  storage  place  must  be  detached,  (c)  Smoking  is  strictly  pro- 
hibited. (/)  Only  "  ball  lanterns "  may  be  used  if  artificial  light  is 
required.  Turpentine  may  be  stored  up  to  800  kilos,  without  special 
license,  and  subject  to  the  above  regulations  (a)  to  (/).  '  There  are 
regulations  as  to  landing,  shipment,  &c. 

Special  licenses  are  required  for  quantities  exceeding: — of  class  A^ 
50  kilos.,  of  class  B,  50  barrels ;  and  of  turpentine,  800  kilos.  But 
when  the  quantity  of  oil  or  turpentine  exceeds  one  barrel,  it  must  be 
kept  in  a  detached  and  specially  constructed  store  with  provision 
against  escape. 

Harbour  Regtdaiions. 

Vessels  carrying  crude  petroleum  and  its  lighter  products,  refined 
petroleum,  or  turpentine,  must  report  on  arrival,  to  the  officer  of  the 
guardship  at  the  lonas,  and  a  declaration  must  be  made  by  the  captain^ 
of  the  quantities  he  has  on  board.  Ships  having  crude  oil  or  the  lighter 
products  on  board  must  anchor  at  a  safe  place  in  the  lower  part  of  the 
Elbe  near  Twielenfleth,  and  may  only  discharge  with  the  sanction  of 
the  Harbour  Police  Authorities,  and  under  conditions  imposed  by 
them.  Vessels  laden  with  refined  petroleum  or  turpentine  may  dis- 
charge in  the  petroleum  harbour  only.  No  lights  or  fires  are 
allowed  on  board,  no  smoking  is  permitted,  and  the  hatches  must  be 
kept  open  to  prevent  the  accumulation  of  explosive  vapour. 

GIBRALTAR. 
Ordinance^  2Srd  Feby.,  1884. 

Importation  of  petroleum  flashing  below  73°  F.  (Abel),  is  prohibited^ 
except  such  as  is  required  for  military  purposes.  With  the  same 
exception,  the  limit  of  quantity  which  may  be  landed  and  stored  for 
private  use,  or  otherwise,  is  24  gallons,  unless  under  license  from 
the  police  magistrate  (who  may  impose  suitable  conditions).  Ail 
licenses  are  registered  by  the  Justices'  Clerk.  The  captain  of  the  port 
is  authorised  to  regulate  the  mooring  of  vessels  carrying  petroleum^ 
subject  to  the  approval  of  the  Governor.  Breach  of  this  ordinance  is 
punishable  by  penalty  and  confiscation  of  the  oil.  The  Justices  may 
authorise  search  of  suspected  premises,  and  obstruction  of  search  party 
involves  fine  and  confiscation  of  oil  found. 

GOLD  COAST. 

The  storage  and  sale  of  petroleum  in  this  colony  are  not  subject  ta 
any  regulations. 

GREECE. 

The  sale  of  petroleum  was  established  as  a  Government  monopoly 
by  decree  of  1st  February,  1884. 
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GRENADA. 
Inflammable  Ooodn  Ordinanee,  1891. 

The  standard  test  is  80**  F.  (Abel),  all  low-test  oil  being  classed  as 
'Volatile  petroleum."  Imi>ortation  of  volatile  petroleum  is  prohibited 
under  penalty  of  forfeiture  and  imprisonment.  Consignees  must  give 
notice  to  the  Treasurer  within  six  hours  (Sundays  and  holidays 
excepted)  of  the  vesseFs  arrival,  and  must  send  at  least  three  samples 
to  the  Government  Inspector  to  test.  The  landing  and  storage  of 
standard-test  oil  are  allowed  at  places  appointed  by  regulations.  The 
consignee  of  volatile  petroleum  may  be  allowed  to  re-export  'within 
thirty  days  on  ])roof  of  ignorance  of  the  low- test  quality  of  the  oiL 
Appeal  against  Inspector's  test  is  decided  by  competent  persons; 
fees  to  follow  result.  In  the  port  of  St.  George,  no  oil  is  to  be 
landed  except  between  7  a.m.  and  4  p.m.,  unless  by  special  per- 
mission. Not  more  than  2  cases  .is  allowed  on  private  premises,  nor 
more  than  12  cases  on  traders'  business  premises.  Not  less  than  4 
cases  may  be  taken  out  of  the  Petroleum  Warehouse  at  a  time,  unless 
in  the  case  of  the  balance  of  an  importer's  stock.  Revenue  and  police 
officers  have  the  right  to  search  suspected  premises. 

GUERNSEY. 

Law  relating  to  OiU,  Mineral  or  Vegetable  Essences^  or  other  Substances 
of  a  similar  nature,  registered  22nd  July^  1893. 

This  law  applies  only  to  substances  '^susceptible  of  producing,  in  a 
closed  vessel,  inflammable  va^wurs  at  a  temperature  below  73"  F." 
(testing  instrument  not  specified).  A  quantity  not  exceeding  half  a 
gallon  may  be  kept  for  private  use  in  a  dwelling-house ;  but  it  must  be 
contained  in  well-corked  metal  or  glass  vessels.  A  license  is  required  for 
the  stomge  and  sale  of  such  substances,  the  limit  of  quantity  allowed 
under  license,  being  5  gallons.  Licenses  are  granted  without  charge  for 
a  period  of  one  year,  on  application  to  the  douzeniera  or  constables  of  the 
parish,  giving  full  description  of  the  store,  provided  that  the  store  is 
found  on  examination  to  be  suitable  for  the  purpose.  Appeal  is  allowed 
to  the  full  Court  in  case  of  refusal  of  license  by  the  constables  or 
douzeniers.  Constables  and  assistant-constables  may  at  all  times  visit 
stores  or  selling  places  to  see  if  the  law  is  complied  with,  and  may  have 
all  goods  kept  in  contravention  of  the  regulations,  removed  to  a  place  of 
i?afety.  Hawking  such  substances  is  prohibited,  as  is  also  selling  or 
retailing  after  sunset.  Masters  or  agents  of  import  vessels  carrying  oils 
or  other  substances  of  low  test,  must  declare  the  quality  and  degree  of 
inflammability  of  such  oils,  &c.,  and  give  consignee's  name.  The  goods 
must  be  landed  and  removed  under  direction  of  the  harbour-master 
during  daylight  only,  except  by  special  permission,  and  must  not  be  left 
on  the  quays  or  any  part  of  the  harbour,  except  at  places  appointed  by 
the  harbour-master.  Infractions  of  the  law  and  obstruction  of  inspectors 
are  punishable  by  fine,  with  or  without  imprisonment  and  confiscation 
of  goods. 
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HOLLAND. 
The  legislative  restrictions  io  this  country  are  local  only. 

Amsterdam  Storage  Regulations. 

T^ie  Police  Regvlations  of  lat  December ^  1886,  made  provision  for 
the  storage  of  petroleum  and  similar  oils  and  other  liquids,  and  pre- 
scribed :  —  That  except  in  the  public  store,  no  quantity  exceeding 
10  litres  of  petroleum,  petroleum-ether,  ])etroleum-naphtha,  benzol,  or 
other  easily  inflammable  oil  or  liquid  derived  from  petroleum  or  tarry 
substances,  igniting  at  a  temperature  lower  than  32"*  C,  when  tested  by 
the  instrument  prescribed  by  the  Burgomaster  and  Council,  should  be 
stored  in  any  building,  unless  in  metallic  vessels  containing  not  more 
than  2  litres  each.  The  limit  of  quantity  for  oils  passing  the  test  was 
fixed  at  400  litres,  with  the  following  exceptions,  in  which  cases  the 
limit  was  raised  to  6,000  litres  : — 

(1)  When  kept  in  closed  metallic  vessels  or  casks. 

(2)  In  the  public  store. 

(3)  In  properly  constructed  cellai*s,  or  buildings  level  with  the  street, 
the  floor  and  walls  being  covered  with  water-tight  iron  plates,  and  the 
outer  door  provided  with  a  stone  sill  of  sufficient  height  to  prevent  out- 
flow. Oi)erations  in  these  stores  were  allowed  to  be  carried  on  during 
daylight  only,  all  lights,  fires,  glowing  substances,  and  smoking  being 
prohibited.  The  oils  stored  were  to  be  kept  in  closed  metallic  vessels 
or  casks,  of  200  litres  maximum  capacity,  and  no  low-test  oils,  empty 
barrels,  or  any  easily  inflammable  goods  might  be  kept  on  the  premises. 
The  provision  of  a  quantity  of  sand  to  extinguish  an  outbreak  of  fire 
was  enjoined  and  the  nature  of  the  goods  stored  was  to  be  indicated  by 
a  painted  signboard  outside. 

Railway  companies  and  forwarding  agents  were  only  allowed  to  keep 
such  oils,  while  on  their  premises,  in  such  places  and  subject  to  such 
conditions  as  the  burgomaster  might  prescribe,  and  not  more  than  6,000 
litres  of  standard-test  oil,  or  200  litres  of  low-test  oil  might  be  for- 
warded by  land  carriage,  except  by  permission.  Special  authority  was 
also  necessary  for  storing  oils  or  oil  barrels  fi'om  sunset  to  sunrise  on 
quays  or  in  the  open  street,  or  for  the  storage  in  any  yard  or  building,  of 
more  than  100  empty  oil  casks.  Masters  of  vessels  carrying  the  afore- 
said oils  were  required  to  give  notice  to  the  Police  on  arrival  in  harbour, 
and  to  obey  the  orders  of  the  harbour-  or  dock-master  during  their 
stay,  which  was  limited  to  forty-eight  hours  in  the  case  of  river  vessels 
carrying  more  than  1,000  litres  of  low-test  oil,  or  6,000  litres  of 
standard  test  oil,  and  to  eight  days  in  the  case  of  sea -going  vessels  carry- 
ing more  than  1,000  litres  of  low-test  oil.  In  the  loading  or  landing  of 
more  than  200  litres,  or  6,000  litres,  of  the  above-mentioned  oils  respec- 
tively, masters  of  vessels  were  required  to  take  such  precautions  for 
public  safety,  as  the  authorities  might  consider  necessary. 

These  regulations,  so  far  as  regards  shipping,  land  carriage,  and 
storage,  are  confirmed  by  the  existing  ordinance  of  2nd  September, 
1890.^     The  standard  of  test  is,  however,  changed  to  21''C.  (Abel,  or 

^  With  the  addition  that  petroleum  vessels  mast  fly  a  P-flag  at  the  foreiop. 
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and  other  tar  and  petroleum  products  inflammable  below  32**  C,  according 
to  the  test  prescribed  by  the  burgomaster  and  council,  is  only  allowed  to 
the  extent  of  25  litres,  and  in  closed  metal  cans  containing  not  more 
than  2  litres  each.  The  limit  of  quantity  to  be  stored  in  one  building, 
without  license,  for  the  remaining  descriptions  of  these  articles  (i.e,,  oils, 
<bc.,  passing  the  standard  test)  is  200  litres,  which  must  be  kept  in  stop- 
pered metal,  stone,  or  glass  vessels,  or  closed  casks.  Shopkeepers  must 
give  notice  to  the  burgomaster  and  council  of  their  intention  to  store. 
The  storage  of  any  of  the  above-named  substances  in  the  open  street 
between  sunset  and  sunrise  is  prohibited,  except  under  police  supervision 
and  with  the  consent  of  the  burgomaster,  which  is  also  requisite  before 
storage  can  be  effected  in  any  open  space.  The  landing,  loading,  or 
storing  of  naphtha  and  other  inflammable  substances  at  the  quays,  is 
only  allowed  under  police  supervision  at  owners'  cost,  and  on  previous 
notice  being  given  to  the  police  of  the  quantity,  description,  marks,  and 
numbers,  <kc.,  of  the  goods.  In  1875,  the  Municipality,  by  the  ordinance 
of  2nd  June,  prohibited  the  storing  of  more  than  25  litres  of  benzine,  or 
300  barrels  of  refined  petroleum  or  turpentine,  elsewhere  than  at  the 
petroleum  store  at  Charlois.  The  limit  of  quantity  to  be  stored  in  shops, 
under  license  in  town,  is  now  25  barrels. 

The  Directors  of  the  storage  warehouse  at  Charlois  have  established  a 
testing  dejmrtment  in  which  the  flashing  point  of  petroleum  samples  is 
ascertained  in  accordance  with  the  German  method,  the  Abel-Pensky 
instrument  being  employed.  The  oil  is  sampled  in  the  same  manner  as 
in  Bremen.  A  certificate  of  the  result  of  the  tests  is  furnished,  and  if 
the  oil  passes  the  standard  test  of  21**  C.  at  760  mm.,  barometric  pressure, 
each  barrel  is  stamped  ; — 

PAKHUISMEESTEREN.  ROTTERDAM.  DEUT8CHER   REICHSTEST. 

HONG  KONG. 

The  Dangerous  Goods  Ordinances  o/1873  {No,  8)  and  1884  (JVo.  7) 
empower  the  Governor  to  prescribe  conditions  of  storage  under  license, 
kerosene  for  private  use  up  to  10  gallons,  kept  in  closed  vessels  contain- 
ing not  more  than  3  gallons  each,  being  exempted.  License  to  store  in 
shops  up  to  40  gallons  is  granted,  provided  that  the  petroleum  is  kept  in 
the  original  tins  and  stored  in  a  kirick-lined  well,  fitted  with  an  iron« 
lined  wooden  lid  for  protection  in  case  of  tire  (4th  May,  1880).  For 
stores,  the  premises  must  be  either  of  brick  or  stone,  with  concrete  floor, 
plastered  up  to  the  door  sill  (3  feet  from  floor)  with  Portland  cement. 
Ventilation  must  be  eflected  by  windows  on  both  sides,  protected  by 
wire-netting  and  sun-blinds.  Hoof  must  be  of  four  thicknesses  of  tiles, 
or  double-tiled  with  plaster  ceiling.  A  lO-feet  wall  must  surround  the 
building  at  a  minimum  distance  of  10  feet,  and  the  sill  of  the  door  or 
gate  in  the  said  wall  must  be  3  feet  from  the  ground  inside.  No 
kerosene  may  be  stored  above  the  window  sills.  No  leaky  tins,  matches, 
lights,  or  unlicensed  combustible  articles  may  be  kept  on  the  premises. 
The  st6re  must  remain  closed  between  6  p.m.  and  6  a.m.  from  October 
to  March,  and  between  7  p.m.  and  5  a.m.  from  April  to  September. 
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Licensees  must  notify  every  month,  to  the  Superintendent  of  the  Fire 
Brigade,  the  quantity  of  kerosene  in  stock.  Ventilators  must  be 
provided  with  iron  shutters,  and  metal  shades.  Soldering  is  allo'wed 
only  in  a  specially-constructed  sunken  space  surrounded  by  a  wall  2 
feet  high  and  having  a  cemented  floor,  with  drain  leading  to  a  small 
well,  to  collect  waste  oil.  Damaged  cans  may  be  kept  only  in  an  open 
shed  with  tiled  roof. 

INDIA. 
Acts  No,  XIL  of  1886,  No,  XIV.  of  1890,  and  No,  XII.  of  1891. 

The  earliest  regulations  governing  the  storage  and  transport  of 
petroleum  in  British  India,  were  contained  in  the  Act  q/*1865  ^^/br  the 
prevention  of  injury  from  fire  in  ports,  and  to  provide  for  the  safe 
keeping  of  infiammable  oils  in  ports  and  places  in  the  Provinces  of 
Bengal*^  the  term  ^' inflammable  oil "  being  applied  to  all  oils,  or  their 
products,  giving  off  inflammable  vapour  below  100*  F.,  the  method  of 
testing  not  being  stated,  but  the  open  flash  test  being  evidently  referred 
to.  Not  more  than  40  gallons  was  allowed  to  be  kept  within  50  yards 
of  a  dwelling  or  warehouse,  nor  more  than  20  gallons  to  be  transported 
from  one  place  to  another  except  under  license,  any  infringements  of 
these  rules  involving  confiscation  and  fines.  In  the  Indian  Ports  Act, 
1875,  sec.  32,  the  Local  Government  was  empowered  to  make  regulations 
for  the  mooring,  loading,  or  unloading  of  vessels  containing  inflammable 
oils.  Both  these  Acts  were  repealed  by  iVo.  VIII.  of  1881,  which  fixed 
the  standard  of  test  at  73*  F.  (Abel),  all  more  volatile  petroleum  being 
termed  *•' dangerous."  Lubricating  oil,  flashing  at  or  above  250"  F.,  was 
exempted.  The  limit  of  quantity  of  ** dangerous"  oil  to  be  stored  or 
transported  without  license,  was  fixed  at  3  gallons,  and  this  had  to  be 
kept  in  separate  stoppered  bottles  holding  not  more  than  one  pint,  and 
conspicuously  labelled.  Of  other  petroleum,  a  maximum  quantity  of  500 
gallons  was  allowed  to  be  stored  without  license. 

The  Act  of  1881  was  repealed  by  Act  XII.  of  1886,  which  defined 
"petroleum"  and  " dangerous  petroleum  "  in  the  following  terms  : — 

(1)  '*  Petroleum  "  includes  also  the  liijuids  commonly  known  by  the  names  of 
rock  oil,  Rangoon  oil,  Burma  oil,  kerosine,  paraffine  oil,  mineral  oil,  petroline, 
ffasoline,  b<inzol,  benzoline,  benzine,  and  any  inflammable  liquid  which  is  made 
from  petroleum,  coal,  schist,  shale,  peat,  or  any  other  bituminous  substance,  or 
from  any  products  of  petroleum  ;  but  it  does  not  include  any  oil  ordinarily  used 
for  lubricating  purposes  and  having  its  flashing  point  at  or  above  two  hundred 
degrees  of  Fahrenheit's  thermometer. 

(2)  **  Dangerous  petroleum  "  means  petroleum  having  its  flashing  point  below 
seventy-six  degrees  of  Fahrenheit's  thermometer  :  Provided  that,  when  all  or  any 
of  the  petroleum  on  board  a  ship,  or  in  the  possession  of  a  dealer,  is  declared  by 
the  master  of  the  ship  or  the  consignee  of  the  cargo,  or  by  the  dealer,  as  the  case 
may  be,  to  be  of  one  uniform  quality,  the  petroleum  shall  not  be  deemed  to  be 
dangerous  if  the  samples  selected  from  the  petroleum  have  their  flashing  points, 
on  an  average,  at  or  above  seventy-three  degrees  of  Fahrenheit's  thermometer, 
and  if  no  one  of  those  samples  has  its  flashing  point  below  seventy  degrees  of  that 
thermometer. 

.  The  Act  of  1886  was  amended  by  Acts  XIV.  of  1890  and  XII.  of 
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1891,  the  foUowiDg  clauses  beiug  substituted  by  the  Act  of  1890  for  the 
original  clauses  in  the  schedule  prescribing  the  mode  of  testing  : — 

If  the  flash  takes  place  at  any  temperature  below  77°  Fahrenheit,  the  tempera- 
ture at  which  it  occurs  is  to  be  recorded.  Two  fresh  portions  of  the  sample  are 
then  to  be  successively  tested  in  a  similar  manner  and  the  results  recorded.  If  no 
greater  difference  than  2**  Fahrenheit  exists  between  any  two  of  the  three  recorded 
results,  and  if  in  no  instance  the  flash  has  taken  place  within  eight  degrees  of  the 
temperature  at  which  the  testing  is  commenced,  each  result  is  to  be  corrected  for 
atmospheric  pressure  as  hereafter  described,  and  the  average  of  the  three  corrected 
results  is  the  flashing  point  of  the  sample.  In  the  event  of  there  being  a  greater 
difference  than  2°  F&renheit  between  any  two  of  the  results,  while  in  no  instance 
has  the  flash  taken  place  M'ithin  eight  degrees  of  the  temperature  at  which  the 
testing  was  commenced,  the  series  of  tests  is  to  be  rejected,  and  a  fresh  series 
of  three  similarly  obtained,  and  so  on,  imtil  a  sufficiently  concordant  Feries  is 
furnished,  when  the  results  are  to  be  corrected  and  the  average  taken  in  the 
manner  already  described. 

If,  however,  a  flash  has  occurred  at  or  below  64°  when  the  tests  are  applied  in 
the  manner  described,  the  next  testing  shall  be  commenced  ten  degrees  lower  than 
the  temperature  at  which  the  flash  had  been  previously  obtained  (that  is  to  say, 
at  54"*  or  thereunder),  and  this  procedure  shall  be  continued  until  the  results  of 
three  consecutive  tests  do  not  show  a  greater  difference  than  2°,  and  until  a  flash 
has  not  occurred  in  any  of  the  three  tests  within  eight  degrees  of  the  temperature 
at  which  the  testing  is  commenced :  Provided  always  that,  if  at  the  commence- 
ment of  the  series  of  tests  a  flash  has  occurred  on  the  first  application  of  the  test- 
flame  at  56**,  and  if  a  flash  has  also  occurred  on  the  first  application  of  the  flame 
in  each  of  three  successive  tests  in  which,  thereupon,  the  test-flame  is  first  applied 
at  46"  as  above  directed,  the  testing  officer  shall  certify  that  the  petroleum  nas  a 
flashing  point  below  47°,  and  the  sample  shall  be  reported  dangerous. 

The  limits  of  quantity  of  "  dangerous "  and  other  petroleum,  which 
may  be  stored  and  transported  without  license,  are  those  fixed  by  the 
1881  Act,  and  "dangerous''  petroleum  kept  in  the  small  quantities 
allowed,  must  be  labelled  ''highly  inflammable,''  together  with  the 
name  and  address  of  the  consignee,  sender,  or  vendor.  Tlie  Local 
Government  is  empowei*ed  to  specify  the  places  of  import,  to  make 
regulations  in  connection  therewith,  appoint  testing  ofl&cers,  ^x  the 
number  of  samples  to  be  drawn  from  a  cargo  declared  to  be  of  uniform 
quality,  decide  upon  the  division  of  cargoes  in  case  of  doubt  as  to 
their  uniformity,  and  fix  the  fees  for  storage  and  testing.  The  Local 
Goverment  is  likewise  empowered,  under  sanction  of  the  Governor  in 
Council,  to  specify  where  petroleum  produced  within  its  territories  may 
be  refined,  to  arrange  for  the  testing  of  the  same,  and  to  prevent  the 
removal  of  "  dangerous "  petroleum  so  produced,  except  in  conformity 
with  the  Act.  The  Local  Government  may  also  make  rules  for  the 
granting  of  licenses  for  storage  and  transport,  and  for  the  testing,  in 
transit  or  in  store,  of  "non-dangerous"  petroleum.  The  Local  Govern- 
ment may  call  upon  the  consignee  of  any  low-test  oil,  to  have  the  same 
refined,  to  take  out  a  license  for  it  as  "  dangerous,"  or  to  re-export  it,  or 
may  allow  the  oil  to  be  re-tested.  The  Lootl  Government  may  also,  at 
discretion,  exempt  from  the  Act  any  oil  flashing  at  or  above  120"*  F. 
]  nspectors  have  power  to  require  dealers  to  show  them  their  stock,  and 
to  sell  them  samples  for  testing ;  they  may  give  notice  in  writing  of 
their  intention  to  test  such  samples,  and  may  issue  a  certificate  of  the 
result,  a  copy  of  which  shall  be  supplied  free,  on  request,  to  the  dealer. 
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Breaches  of  the  provisions  of  the  Act  render  offenders  liable  to  fines, 
with  confiscation  of  the  oil.  Ail  testing  apparatus  must  be  verified  at 
least  once  every  five  years,  by  the  Government  Chemical  Examiner  in 
Calcutta,  who  shall  stamp  the  apparatus  and  issue  a  certificate  as  to  its 
absolute  or  relative  correctness,  and  the  means  of  rectifying  the  variation, 
if  any. 

British  Burma  and  British  Baluchistan  are  under  the  same  law 
as  India. 

Testing,— Eecrulated  by  the  AeU  0/I886  and  1890. 

The  Abel  instrument  with  clockwork  slide  movement  (Abel-Pensky) 
is  now  used.  The  test  is  applied  in  the  manner  described  in  Section  IX. 
<p.  562). 

ISLE  OF  MAN. 
Dangerous  Goods  AcU,  1871  and  1881. 
Storage  Regulations,  I2th  May,  1882. 

"Petroleum"  under  the  first-named  Act,  included  all  products  of 
naphtha  and  petroleum  oils  flashing  below  100*"  F.  (open  test),  but  the 
Act  of  1881  amended  this  definition  so  as  to  include  all  petroleum  pro- 
ducts. A  license  from  the  Governor  is  required  for  the  storage  of 
petroleum,  with  the  following  exceptions : — (1)  In  the  case  of  oil  flashing 
below  73*  F.  (Abel) :  a  quantity  not  exceeding  1  gallon,  kept  in  well- 
stoppered  vessels  holding  not  more  than  a  pint  each,  whether  for  private 
use  or  sale.  (2)  In  the  c&se  of  other  petroleum  :  a  quantity  not  exceed- 
ing 40  gallons.  Any  oil  kept  in  contravention  of  the  Act  may  be 
confiscated,  and  a  fine  inflicted  on  the  offender.  All  low-test  oil  kept 
beyond  a  period  of  seven  days  after  landing,  conveyed  to  any  place  on 
the  island,  or  exposed  for  sale,  must  be  plainly  labelled  with  the  words 
"  highly  inflammable,"  in  addition  to  the  description,  and  marked  with 
the  name  and  address  of  the  consignee  or  owner,  sender,  or  vendor. 
Test, — The  standard  is  now  73**  F.  (Abel),  and  the  mode  of  testing  is  the 
same  as  in  the  English  Act  of  1879.  Storage  licenses  are  granted  under 
the  following  conditions  : — The  place  used  as  a  store  may  be  either  an 
open  space  or  a  shed  of  one  floor  only  (with  an  exception  in  favour  of  a 
one-floor  shed  having  a  vault  underneath,  provided  the  other  conditions 
are  complied  with),  the  floor  of  which  must  be  sunk  2  feet  below  the 
surrounding  surface,  or  have  a  wall  2  feet  high  surrounding  it,  made 
perfectly  secure  against  outflow  or  leakage,  and  properly  ventilated  to 
prevent  the  accumulation  of  petroleum  vapour;  having,  in  addition,  a 
well  to  receive  the  leakage  from  any  of  the  storage  vessels,  such  well  not 
being  in  communication  with  any  public  drain  or  sewer.  No  other  goods 
may  be  kept  in  a  petroleum  store,  except  such  as  are  not  combustible. 
No  smoking,  lights,  fires,  or  matches  are  allowed  in  stores,  or  on  ships  or 
other  conveyances  during  loading,  unloading,  or  conveying  petroleum  in 
greater  quantity  than  36  gallons ;  and  no  delay,  beyond  what  is  absolutely 
necessary,  is  allowed  in  the  carrying  out  of  these  operations,  eighteen 
hours  being  allowed  for  the  loading  and  discharge  of  vessels.     Petroleum 
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ships  must  conform  to  harbour  regulations  or  orders  of  harbour-master 
with  respect  to  moorings,  <&c.  Inspectors  are  appointed  by  the  Governor^ 
and  may  search  suspected  premises,  under  warrant  from  the  high  bailiff  or 
justice  of  the  peace,  being  authorised  to  seize  any  petroleum  kept  in  con- 
travention of  the  Act.  Officers  of  Customs,  head  constables,  and  inspectors 
and  sergeants  of  police  may  exercise  the  same  powers  without  warrant, 
and  any  person  obstructing  such  entry  or  seizure,  is  punishable  by  fine. 
If  objection  is  raised  against  the  inspector's  test,  the  Court  may  appoint 
a  public  analyst  or  other  competent  person  to  decide. 

ITALY. 

In  Italy,  the  different  Municipalities  have  power  to  frame  their  own 
regulations  for  the  storage,  &c.,  of  petroleum,  subject  to  the  approval  of 
the  Provincial  Deputation  and  the  Home  Office,  under  the  Law  of 
Public  Safety,  No.  9,  20th  March,  1865  {Arts,  88  and  89).  Carriage  of 
mineral  oils  by  rail  is  subject  to  the  same  conditions  as  that  of  explosives 
and  other  inflammable  materials.  The  above-mentioned  Law  empowers 
the  Provincial  Deputations  to  proclaim  and  prohibit  the  establishment 
of  noxious,  dangerous,  and  objectionable  manufactures. 

Genoa. 

Petroleum  and  other  inflammable  substances  are  stored  in  a  Municipal 
warehouse  established  under  the  Royal  Decree  of^th  Jvly,  1890,  the 
storage  being  carried  on  under  the  supervision  of  the  Customs,  though 
the  premises  are  leased  to  a  private  individual.  The  Regulations  and 
Tariff  are  laid  down  by  the  Municipal  RegtUationa  of  ith  September, 
1890.  The  other  substances  included  in  the  same  regulations  are — 
alcoholic  liquids,  varnishes,  resin-spirit,  essential  and  volatile  oils,  nitric 
and  sulphuric  acids,  phosphorus,  matches,  and  inflammable  liquids  and 
substances  generally. 

Rome. 

The  maximum  quantity  allowed  to  be  stored  inside  the  town  is  120 
litres  ;  outside,  there  is  no  limit,  but  all  stores  must  be  fireproof,  and 
approved  by  the  Municipal  Inspector.  Retailers  are  allowed  to  keep 
only  50  litrea 

JAMAICA. 
Petroleum  Laws,  No,  23,  0/  1871 ;  No.  27,  of  1882 ;  and  No.  17,  0/ 1893. 

The  standard  flashing  point  is  95^  F.  The  importation  of  low-test 
oil  is  absolutely  prohibited.  Retailers  muist  obtain  a  license  from  the 
Justices  of  the  Peace  in  special  session. 

Storage  Regulations  issued  by  the  Governor,  \iih  October,  1886. — 
Stores  must  be  completely  isolated  from  other  buildings  or  (if  adjoining 
premises  are  fireproof)  completely  separated  by  fireproof  walls.  Stores 
must  be  completely  fireproof  if  within  30  feet  of  any  other  building, 
and  properly  ventUated  to  keep  the  oil  at  low  temperature.      Doors 
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must  be  3  feet  6  inches  wide,  opeTiing  outwards.  Barrels  mnst  be  stored 
in  rows,  one  deep  and  two  high  against  walls,  or  two  deep  and  two  high, 
away  fit>m  walls,  with  a  gangway  of  4  feet.  Cases  must  be  stored  two 
in  depth  and  four  in  height  against  walls,  or  four  by  four  away  from 
walls,  leaving  3  feet  of  passage  way.  Stores  must  be  used  solely  for 
petroleum  and  kept  locked  at  night  and  during  daytime  except  when 
goods  are  being  received  or  sent  out.  Lights  and  smoking  are  pro- 
hibited.    Earth  or  sand  should  be  kept  in  case  of  fire. 

Teating.-^The  oil  cup  is  cylindrical,  2J  inches  deep  and  2  inches  in 
diameter,  of  tin  plate  or  thin  sheet  copper,  provided  with  a  short  spout, 
a  little  below  the  top  of  the  cup,  and  inclined  at  an  angle  of  45*. 
At  about  a  quarter  of  the  circumference  fi-om  the  spout,  and  a  quarter 
of  an  inch  from  the  top  of  the  cup,  a  metallic  pin  projects  inwards 
for  half  an  inch.     An  external  flange  1}  inch  wide  runs  round  the  cnp, 
half  an  inch  below  the  top,  to  support  the  cup  in  the  water  bath.     This 
bath  is  4^  inches  deep  and  4^  inches  in  diameter.     The  cover  of  the  oil 
cup  is  of  glass  2^  inches  square.     The  thermometer  is  graduated  on  the 
Fahrenheit  scale — 10**  occupying  at  least  half  an  inch.     The  oil  cup  is 
filled  to  the  depth  of  2  inches  with  the  oil  to  be  tested,  the  thermometer 
inserted  through  a  cork  in  the  spout,  so  that  the  bulb  is  just  immersed, 
and  the  cup,  closed  by  the  glass  cover,  placed  in  the  water  bath,  which 
should  be  filled  to  a  depth  of  2|  to  3  inches  with  water  at  a  temperature 
of  105*  to  110"  F.     When  the  oil  is  at  85",  the  cover  is  taken  oflT  and 
replaced,  and  at  86°  is  slipped  aside,  a  small  light  being  at  the  same  time 
applied  to  the  metal  pin.     If  no  flash  is  observed  under  the  glass  cover, 
this  is  removed,  and  replaced  as  before,  and  the  test  repeated  until  a  flash 
is  observed.     The  first  result  must  be  confirmed  by  another  test.     Care 
must  be  taken  that  cun*ents  of  air  do  not  interfere  with  the  test,  and 
that  the  metal  pin  is  free  from  oil. 

JAPAN. 

There  are  practically  no  legislative  restrictions  in  regard  to  "  test,'' 
though  decrees  eflfecting  classification  on  this  basis  have  been  published. 
The  Government  has  established  warehouses  at  Nakamum,  where  all 
inflammable  substances  imported  into  Yokohama  have  to  be  stored. 
The  regulations  (dated  16th  March,  1877)  controlling  the  receiving  and 
delivery  of  oil,  <kc.,  at  these  warehouses  are,  in  substance,  as  follows  : — 
The  stores  are  open  daily  between  8  a.m.  and  4  p.m.,  from  1st  October 
to  31st  March,  and  from  6  a.m.  to  6  p.m.  during  the  other  months  in 
the  year,  with  the  exception  of  Sundays  and  certain  holidays,  on  which, 
however,  they  may  be  opened  if  required,  provided  that  twenty-four 
hours'  notice  is  given.  Applications  for  storage  must  be  made  on  a 
form,  accompanied  by  the  Customs'  entry  and  duty  receipt,  and  the 
director  of  the  store  will,  after  verifying  the  goods,  issue  as  many  deposit 
certificates  as  the  owner  may  require.  Kerosene  oil  will  not  be  received 
at  or  delivered  from  the  store  in  smaller  quantities  than  50  gallons,  but 
this  limit  does  not  apply  to  other  substances.  An  open  shed  is  provided 
for  the  soldering,  re-filling,  and  repairing  of  cases  prior  to  storage.     The 
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ownership  of  goods  in  store  may  be  transferred  by  endorsement  of  the 
certificate,  which  must  then  be  countersigned  by  the  director,  except 
where  the  transfer  is  in  favour  of  several  [larties,  in  which  case  the 
original  certificate  is  lodged,  and  a  special  transfer  form  made  out  in  as 
many  copies  as  there  are  transferees.  Charges  must  be  satisfied  before 
goods  can  be  withdrawn.  Sample  cases  maybe  taken  away  after  endorse- 
ment of  the  certificate  by  the  director,  and  when  the  whole  of  the  goods 
are  withdrawn,  the  deposit  certificate  must  be  returned.  One  year  is 
the  t«rm  of  storage,  and  prolongation  is  only  obtained  on  paying  the 
charges  and  making  a  fresh  application.  When  the  charges  are  unpaid, 
and  no  application  is  made  for  renewal,  the  Government  is  empowered  to 
sell  the  goods,  after  public  advertisement  for  a  month,  and  to  apply  the 
])roceeds  in  satisfaction  of  charges  and  expenses,  retaining  the  balance, 
which,  however,  will  be  handed  to  the  owner,  less  1  per  cent,  on  produc- 
tion of  the  deposit  certificate.  Tank  oil  is  allowed  to  be  kept  in  special 
private  stores. 

JERSEY. 

The  law  at  present  in  foroe  is  that  of  12<A  February,  1891.  It  relates 
to  oils,  mineral  and  vegetable  essences,  and  allied  or  derived  products, 
giving  off  an  inflammable  vapour  below  73'  F.  (close  test).  A  previous 
law,  passed  in  1882,  afiected  only  mineral  oils  and  essences,  such  as 
petroleum  and  allied  substances,  the  standard  flashing  point  being  also 
TS**  F.  The  limits  of  quantity  for  storage  are  : — In  dwellings,  for  private 
use,  5  gallons,  without  license ;  or  up  to  50  gallons  in  an  isolated  place 
approved  by  the  Constable  of  the  parish.  For  sale,  a  license  (issued  for 
a  period  of  twelve  months  without  charge,  by  the  Constable)  stating  the 
name  and  address  of  the  licensee,  description  of  store,  and  quantity 
allowed,  is  required,  the  limit  of  quantity  in  St.  Helier,  St.  Aubin, 
George  Town,  Millbrook,  Beaumont  Gorey,  and  Chauss^  de  Mont- 
Argueil,  being  150  gallons.  For  larger  quantities,  in  these  places,  special 
permission  is  necessary,  and  precautions,  to  be  decided  upon  by  the 
Constable,  must  be  taken  for  public  safety.  No  testing  instrument  is 
mentioned.  It  is  directed  that  the  Constable  is  to  apply  the  usual  tests 
to  ascertain  the  degree  of  inflammability.  Although  the  law  professedly 
refers  only  to  substances  having  a  flashing  |K)int  below  73°  F.,  the  stor- 
age of  high-test  oils,  in  such  quantities  as  might  constitute  a  public 
danger,  is  nevertheless  prohibited.  As  in  Guernsey,  the  arrival  of 
cargoes  of  low-test  oil  must  be  notified  to  the  harbour-master,  and  none 
may  be  landed  or  removed  at  night  The  Constable  and  Centeniers 
have  the  right  to  search  premises  and  take  samples  for  testing  (on  pay- 
ment of  their  value).  Penalties  and  confiscation  are  prescribed  for 
infraction  of  the  law. 

LAGOS. 

The  Petroleum  Ordinance  of  1889  limits  the  amount  to  be  stored,  for 
use  or  sale,  to  10  gallons,  except  under  license,  the  conditions  of  which 
are  to  be  determined  by  the  Governor.     Ail  petroleum  on  being  landed. 
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must  be  stored  in  the  Govemmeut  warehoase,  whence  not  less  than  one 
case  may  be  removed  at  one  time.  Licenses  are  granted  by  the  Collector 
of  Customs,  the  cost  being  5&  The  usual  regulations  for  mooring  and 
unloading  vessels ;  appeal  against  refusal  to  grant  license ;  granting  of 
search  warrants  and  penalty  for  opposing  same,  are  included.  No 
standard  of  test  is  prescribed. 

MALTA. 

Ordinance  No,  9  of  1889  provides  for  the  testing  of  petroleaoi,  the 
standard  and  the  method  of  testing  being  the  same  as  those  prescribed  by 
the  Indian  Petroleum  Act,  1886,  viz. : — 76*  F.  (Abel),  or  an  aven^  of 
73"*,  provided  no  sample  flashes  below  70**.  Notice  must  be  given  to 
harbour  officials  on  the  arrival  of  a  cargo  of  petroleum,  so  that  the 
collector  of  customs  may  take  samples  for  testing.  Appeal  against  the 
inspector's  test  is  decided  by  a  skilled  person  appointed  by  the  Court. 
The  superintendent  may  order  the  ship  containing  low-test  oil  to  be 
removed  to  another  port  in  the  island,  or  to  a  distance  of  1  mile  from 
the  shore. 

MAURITIUS. 

Ordinance  No.  10  o/1872. 

The  importation,  selling,  or  keeping  of  all  descriptions  of  petroleum 
giving  off  an  inflammable  vapour  at  less  than  100°  F.  (open  flash  test)  is 
prohibited  under  penalty  of  fine  and  confiscation.  Inspectors  of  licenses, 
•officers  of  customs,  and  officers  of  municipal  corporations  have  powers  of 
inspection,  sampling,  and  testing ;  but  the  owner  of  the  oil  can  appeal, 
in  which  event,  the  decision  of  the  government  analyst,  or  of  a  competent 
person  appointed  by  the  magistrate,  shall  be  final.  If  seizure  is  made, 
and  the  goods  are  restored  to  the  owner,  the  magistrate,  if  of  opinion 
there  were  reasonable  grounds  for  the  seizure,  shall  grant  a  certificate  to 
that  effect,  which  shall  be  a  bar  to  proceedings  against  the  inspector. 

MONTSERRAT. 
Petroleum  Ordinance,  1892. 

Standard  of  test,  83*  F.  (Abel).  Limit  of  quantity  to  be  stored, 
50  gallons.  All  larger  quantities  must  be  kept  in  the  Government 
petroleum  warehouse.  No  low-test  oil  allowed  to  be  imported,  except 
gasoline  for  scientific  or  technical  work  (by  permission  of  the  Governor) 
and  oil  in  8-oz.  bottles  not  intended  for  burning.  Oil  ascertained  to  be 
low-test,  may  be  re-shipped  under  certain  conditions,  otherwise  it  is  liable 
to  forfeiture.     Inspectors  are  appointed  by  the  Governor. 

NATAL. 

In  this  colony,  there  are  no  Government  regulations  for  the  storage, 
^o.f  of  petroleum.  In  Durban  and  Pietermaritzburg,  there  are  Municipal 
bye-laws  relating   to  the    subject,  and    outside   the  former  town    the 
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Municipal  Council  has  granted  a  piece  of  land  for  the  building  of  petro- 
leum stores  by  applicants,  from  which  stores  the  places  of  business 
in  the  town  are  supplied.  Durban  (General  Bye-laws^  section  43). — 
No  person  may  keep  or  store,  unless  under  license  from  the  Council, 
more  than  20  gallons  of  petroleum,  kerosene,  paraffin,  or  any  other 
mineral  oil,  within  100  yards  of  any  dwelling-house  or  warehouse, 
under  penalty  of  £5  per  day.  The  Council  may  authorise  the  searching 
of  suspected  premises,  and  any  one  obstnicting  the  search  is  liable 
to  fine.  The  conditions  of  license  are  in  the  hands  of  the  Council. 
P1ETERMARITZBUR6  {General  Bye-laws,  section  188). — No  person  shall 
keep,  within  the  city,  more  than  100  gallons  of  petroleum  oil,  kerosene, 
or  any  other  mineral  oil,  within  100  yards  of  any  dwelling  or  warehouse. 

NEVIS  AND  ST.  KITTS. 
Ounpowder  and  Petroleum  Ordinances,  1878  and  1892. 

Standard  test  83*  F.  (Abel).  Limits  of  quantity  to  be  stored  : — 
10  gallons  for  private  use,  and  20  gallons  for  sale  under  license ;  larger 
quantities  in  places  specially  appointed  by  the  Governor.  The  remaining 
provisions  are  similar  to  those  in  force  in  Montserrat. 

NEWFOUNDLAND. 

The  Kerosene  Act,  1890,  limits  the  quantity  of  any  inflammable  oil  to 
be  kept  on  board  any  boat,  ship,  raft,  shed,  or  other  place  in  the  harbours 
of  St.  John's,  Harbor  Grace,  Carbonear  or  Brigus,  to  5  gallons,  but  this 
does  not  apply  to  oils  in  course  of,  or  awaiting,  shipment  or  discharge. 

NEW  BRUNSWICK. 

The  regulations  in  St.  John,  are  contained  in  the  Petroleum  Storage 
Act,  2Zrd  April,  1890.  250  gallons  is  the  maximum  quantity  to  be  kept 
(in  not  more  than  5  barrels  or  vessels),  except  in  a  store  erected  under 
the  provisions  of  the  Act  of  34  Yic,  c.  33.  It  is  also  forbidden  to  allow 
such  oil  to  remain  on  any  open  or  uncovered  piece  of  land  for  mora  than 
twenty-four  hours,  or  longer  than  six  days  on  any  wharf  in  the  city. 
The  Chief  Engineer  of  the  Fire  Department  and  the  Engineer  of  the 
Public  Safety  Department,  are  appointed  inspectors  of  stores,  with  right 
of  entry  during  reasonable  hours. 

NEW  SOUTH  WALES— See  Australian  Coloniis. 
NEW  ZEALAND— 5'e«  Australian  Coloniks. 

NORTH  BORNEO. 

The  Explosive  and  Combustible  Substance  Storage  ProclamcUion, 
1884,  limits  the  amount  of  petroleum  to  be  kept  in  any  attap  tenement, 
to  12  catties^  (and  that  for  private  consumption  only),  and  in  any  other 
building  or  place,  1  tin  of  25  catties,  except  under  special  permit,  from 

^  A  catty  =  1*3948  lb.  avoirdupois. 
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the  Resident,  in  the  town  of  Saodakan,  and  from  the  Qovernor  elsewhere, 
stating  the  amount  allowed  to  l)e  stored.  The  Governor  may  also  make 
i*egiilations  for  depdts,  and  authorise  charges  for  storage.  A  permit  is 
i*equired  before  removal  from  any  ])lace  or  vessel  to  any  other  jilace  or 
vessel.     There  is  no  standard  of  test. 


NORWAY. 

In  1871,  a  legislative  enactment  (dated  3rd  May)  provided  regulations 
for  the  storage  of  petroleum  and  its  products.     The  liquids  were  divided 
into  two  classes,  according  to  their  degree  of  inflammability.      Under 
Class  A  were  included  ether,  photogen,  camphine,  benzene,  "gas  ether,*' 
carbon  bisulphide,  petroleum  naphtha,  petroleum  spirit,  and  all  petroleum 
and  turpentine  products  giving  olf  an  inflammable  vapour  below  35**  C. 
Class  B  consisted  of  those  mineral  oils,  &c.,  having  a  flashing  point  not 
below  35°  C.     The  erection  and  carrying  on  of  refineries  for  inflammable 
liquids  was  only  permitted  outside  the  boundaries  of  towns  and  at  a 
minimum  distance  of  400  feet  therefrom,  and  it  was  required  that  there 
should  be  a  minimum  distance  of  200  feet  between  a  refinery  and  the 
nearest  building.     The  prevention  of  outflow  of  dangerous  liquids  was 
also  insisted  on.     Crude  and  refined  petroleum,  and  crude  paraffin  oil, 
were  placed  on  the  same  footing  as  regarded  restrictions  in  respect  to 
storag<»,  but  chemists  were  allowed  to  keep  up  to  3  gallons  of  crude  oil, 
in  vessels  holding  at  most  three-quarters  of  a  gallon.    The  quantity  to  be 
stored  in  any  one  building,  was  limited  to  30  gallons  of  liquids  of  Class  A 
and  200  gallons  of  liquids  of  Class  B.     Larger  quantities  (up  to  2,500 
gallons  of  Class  A  and  125  gallons  of  Class  B)  were  allowed  to  be  stored 
in  underground  cellars,  sufficiently  large  to  prevent  outflow,  made  of 
fireproof  materials,  with  iron  doors,  and  well  ventilated.     Ships  carrying 
])assengers  were  not  allowed  to  have  more  than  15  gallons  of  liquids  of 
Class  A  on  board.    For  the  unloading  of  ships  and  the  transport  of  crude 
oil,  notice  to  the  police  was  necessary.     The  fixing  of  the  standard  of 
test  and  mode  of  testing  was  vested  in  the  King. 

In  1879,  a  fire  test  (of  120'  F.)  was  substituted  for  the  flash  test, 
but  no  instrument  for  determining  the  fire  test  was  ever  prescribed 
by  the  King,  and  it  was  not  until  1800  that  a  definite  standard  was 
introduced.  By  the  law  of  lith  June  of  that  year,  22^  C.  (Abel),  at  a 
barometric  pressure  of  760  nun.,  is  fixed  as  the  minimum  flashing  point 
for  liquids  of  Class  B,  all  flashing  at  a  lower  temperature  being  included 
in  Class  A.  The  quantities  now  allowed  to  be  stored  in  one  building 
or  store-ship,  are  : — 

Class  A.  360  litres,  in  vessels  marked  "dangerous,"  and  holding  not  more 

than  Ifi  litres  each. 
Class  B.  800  litres ;  or  larger  quantities  under  special  permit 

Stores  are  to  be  at  a  distance  of  125  metres  from  the  boundaries  of  towns. 
It  is  forbidden  to  ti*ausfer  liquids  of  Class  A  from  one  vessel  to  another 
within  town  boundaries,  and  })ersons  dealing  in  or  wishing  to  laud 
liquids  of  this  class  must  notify  the  [)olice. 
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PERAK. 
Order  in  Council,  No,  4,  1889. 

No  person  may  keep  more  than  2  cases  (16  gallons)  of  petroleum, 
except  in  the  Government  stores.  There  is  no  standard  of  test  definitely 
mentioned,  nor  regulations  for  testing,  but  it  is  provided  that — 

'*  No  person  shall  bring  into  the  State  any  petroleum  from  any  place  other  than 
one  of  the  ports  of  the  Straits  Settlements,  and  which  has  not  conformed  to  the 
standard  test  in  force  in  such  port. " 

So  that,  practically,  the  standard  is  the  same  as  for  the  Straits  Settle- 
ments, viz.,  71**  F.  (Abel).  All  [)olice  officers  above  the  rank  of  sergeant 
may  act  as  inspectors  of  stores. 

PORTUGAL. 
Decree  o/2Ut  October,  1863. 

The  storage,  in  de])6ts,  of  more  than  50  kilos,  of  inflammable  liquids 
(alcoholic  and  ethereal  liquids,  spirits  of  turpentine,  ])etroleum,  <fec.), 
and,  in  cities,  the  storage  of  such  liquids  in  any  place  where  drugs  and 
other  articles  are  also  kept,  is  subject  to  the  supervision  of  the  police. 

There  are  no  fixed  regulations  i-elating  to  storage,  but  the  administra- 
tive authorities,  after  consultation  with  experts,  may  impose  such  restric- 
tions as  they  may  think  fit.  The  Preliminary  Inati^uctiona  of  lite 
General  Customs  Tariff,  lith  December,  1882  (11^/*  paragraph  of 
Art,  14  and  Sc?iedtUe  0),  provide  that  all  mineral  oils  and  spirits  may 
only  be  landed  at  special  quays,  whence  they  are  conveyed  to  the  stores. 

QUEENSLAND— 5c«  Australian  Colomis. 

ilUSSIA. 
"  Temporary  RegtUations^^  of  June,  1867. 

Stores  are  divided  into — 

Large — Containing  \bO  poods  ^  and  upwards. 

Small — Containing  from  30  to  150  poods. 

Retail — Below  the  limit  assigned  above  for  a  '^  small ''  store. 

A  distance  of  not  less  than  25  fathoms  must  separate  storea  Large 
stores  are  only  permitted  outside  a  town,  and  at  a  distance  of  not  less 
than  50  fathoms  from  any  building.  Small  stores  of  oil  may  be  con- 
structed in  towns  and  villages,  not  nearer  than  20  fathoms  from 
buildings,  wood  yards,  timber  and  flax  warehouses,  and  inflammable 
substances  generally.  Retail  stores  are  allowed  in  shops,  exce))t  in 
bazaars  and  market  places,  on  condition  that  there  are  not,  in  the 
same  place,  any  other  highly  inflammable  substances — i,e,,  gunpowder, 
matches,  turpentine,  <S:c.  In  the  large  and  small  stores,  no  other 
material  is  to  be  kept.  In  genera],  the  site  for  the  erection  of  stores 
is  to  be  chosen  by  the  local  police,  and  their  preliminary  permission 
is  required.  The  regulations  as  to  large  stores  are  applicable  to  places 
for  the  refining  of  petroleum  and  mineral  oils  generally.   Tobacco  smoking, 

'  A  pood  =  36*1127  lbs.  avoirdupois. 
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the  kindling  of  fii*e,  and  the  heating  of  tea  urns,  are  forbidden  in  large 
and  small  stores,  as  well  as  in  places  where  mineral  oil  is  stored   for 
retail  sale.     8toves  are  permitted  in  the  shops,  but  not  in  the  places 
where  the  oil  is  stored.     Such  places  may,  however,  be  heated  by  pipes. 
Places  of  wholesale  storage,  sale,  and  refining  are  to  be  indicated  by 
signboards.     Large  and  small  stores  must  be  in  separate  buildings  of 
brick  or  earth — the  latter  may  consist  of  wooden  huts  covered  with 
a  layer  of  earth  and  bark,  or  an  underground  cellar  with  the  same 
covering,  but  the  only  access  to  such  cellar  must  be  through  the  door. 
The  floor  of  the  cellar  must  be  of  stone  or  earth,  and  of  concave  shape, 
with  a  rieservoir  to  catch  leakage.     Stores  must  be  ventilated.    In  shops, 
the  oil  may  be  kept  only  in  arched  brickwork  cellars  of  houses  having- 
an  iron  roof,  with  a  stone  or  earthen  floor ;  the  doors  and  netting  at 
the  windows  to  be  of  iron,  and  place  to  be  ventilated.     Uncasking  of 
oil  at  stores  and  shops,  and  delivery  of  same,  may  be  eflected  only  during 
daytime,  and  no  one  may  enter  stores  with  candle,  lamp,  or  other  light; 
but  in  cases  of  special  need  a  safety  lantern  may  be  used.     In  stores, 
the  petroleum  may  be  kept  in  wooden  or  metallic  vessels.     In  shops, 
the  oil  may  be  kept  and  conveyed  to  and  from  shop  only  in  metallic 
vessels,  containing  not  more  than  I  pood.     The  oil  must  not  be  kept  or 
sold  in  earthenware  or  glass  vessels.     Buyers  are  to  provide  themselves 
with  strong  metallic  vessels  with  corks.    Empty  barrels  may  not  be  kept 
at  shops  or  stores.       Barrels  at   large   permanent  stores  must  not  be 
heaped  together,   but  placed  at  a  distance  of  5  fathoms  apart.     The 
standard  of  test  is  28"  C.  ( Abel-Pensky). 

SAINT  LUCIA. 

Petroleum  Ordinances  of  1875  and  1881. 

Standard  of  test  S5°  F.  (close  test,  applied  as  in  Jamaica).  No  oil  is 
allowed  to  be  sold  except  under  license,  to  be  obtained  from  the  Stipen- 
diary Justices.  The  Governor  may  grant  a  license  after  the  refusal  of 
the  Justices.  Limits  of  quantity  to  be  stored  : — On  private  premises 
for  consumption,  10  gallons;  in  licensed  stores,  100  gallons.  For  larger 
quantities,  stores  must  be  provided  under  regulations  made  by  the  Gover- 
nor. The  sale  of  low-test  oil  for  burning,  is  absolutely  prohibited,  but 
such  oil  may  be  sold  for  other  purposes,  in  8-ounce  closed  bottles.  Con- 
travention of  this  provision  involves  forfeiture.  Appeal  against  the 
in.spector*8  test  is  decided  by  a  "  medical  "  officer  appointed  by  the 
Justices.     Search  warrants  for  suspected  [uemises  may  be  issued. 

SIERRA  LEONE. 
Petroleum  Ordinance,  1882. 

Standard  of  test  95*  F.  (open  cup).  All  petroleum  over  5  gallons,  for 
private  use,  must  be  kept  in  the  Government  store  (whence  not  less 
than  10  gallons  may  be  removed  at  a  time),  or  on  premises  duly 
licensed  by  Justices  of  the  Peace.  There  are  the  usual  provisions 
respecting  low-test  oil,  landing,  notice  by  master  on  arrival  of  vessel. 
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search  under  waiTant,  obsti*action  of  inspector,  and  appeal  against  test. 
Provisions  respecting  hawking  are  similar  to  those  of  English  Act,  1881 ; 
limit  of  quantity,  10  gallons. 

SOUTH  AUSTRALIA— /S>e  Austbauan  Colonies. 

SPAIN. 

There  is  no  general  law  as  to  the  storage,  izc,  of  mineral  oil  and 
spirit.  The  manufacture  and  storage  of  these  articles  (together  with 
explosives  and  articles  of  an  inflammable  character)  are  regulated  hy 
municipal  byelaws,  of  which  those  in  force  in  Madrid  are  said  to  afford 
a  fair  example.  The  Madrid  bye-laws  do  not  mention  mineral  oil  or 
spirit,  but  they  specify  fireworks,  gunpowder,  phosphorus,  pitch,  tar,  resin, 
gum,  and  bi-andy,  and  they  provide  that  these  substances  and  all  other 
inflammable  articles  (presumably  including  mineral  oil  and  spirit)  may 
be  kept  only  under  license,  in  vaulted  and  properly  constructed  cellars, 
and  in  quantities  not  exceeding  a  month's  sale.  Stores  for  large  quan- 
tities, and  for  wood,  coal,  firewood,  and  straw,  and  similar  materials, 
burning  easily,  shall  be  situated,  ''if  possible,''  in  isolated  places  and 
out  of  the  town,  and  the  premises  must  be  licensed.  Insurance  com- 
panies may  inform  against  any  infraction.  The  stores  may  not  be- 
entered  during  the  night,  even  with  a  properly  closed  lamp,  and  no* 
smoking  or  artificial  light  is  allowed  in  stores  where  brandy,  coal,, 
straw,  or  phosphorus  are  kept. 

STRAITS  SETTLEMENTS. 

Ordinances  No.  XI L,  1883  ;  No.  XVI IL,  1886  ;  and  No.  IV.,  1892.  OovemmenC 
Notifications  and  Orders  in  Council^  I2th  Dec,  1883;  I5th  May  and  22nd' 
May,  1885;  26th  May,  1887;  lOlhAug.,  1892;  and  2nd  Dec,  1892. 

No  more  than  4  cases  of  8  gallons — or  32  gallons  in  all — may  be  kept- 
without  a  license,  which  may  be  granted  up  to  the  amount  of  20  cases* 
by  the  Municipal  Commissioners.^  Beyond  20  cases,  the  Govemor'8> 
approval  is  necessary.  The  Governor  is  empowered  to  fix  a  standard  of 
test  by  order  in  Council,  and  no  "dangerous"  oil  may  be  imported  or  kept, 
under  penalty  of  fine  and  confiscation.  Importers  must  inform  inspector 
of  arrival  of  cargoes.  Inspectors  have  right  of  searching  suspected  pre- 
mises, and  resistance  is  punishable  by  fine.  In  towns,  inspectors  of 
nuisances,  and  in  other  places  police  inspectors,  are  ex-ojfficio  petroleunk 
inspectors. 

Municipal  Bequlations  fob  Stobaqe  of  not  more  than  20  ca8b» 

OF  Petroleum  in  the  Town  of  Malacca. 

Oovemment  Notification,  438.    Singapore,  lOth  Augrut,  1892. 

1.  Licenses  are  not  granted  for  wooden  houses.  2.  A  brick,  stone, 
or  iron  receptacle,  or  bin,  5  ft.  4  in.  by  4  ft.  4  in.  by  2  ft.  6  in.  deep^ 

^  In  Singapore,  Georgetown,  Penang,  or  Malacca ;  and  in  other  places  by  the 
Chief  Officer  of  Police. 
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must  be  provided  on  the  premises  before  a  license  can  be  obtained,  and 
at  least  4  "  pikiiln  "  of  sand  must  Iw  kept  close  ut  hand  in  cuse  of  tire. 
Petroleum  Diay  be  kept  only  witliiii  tbia  I'eceptacle,  Hnd  no  uLher  goods 
may  be  stored  therein  or  upon  tlie  same.  Nn  fire  or  cooking  stove  is 
allowed  witliin  10  feet.  Nut  more  than  4  cases  may  be  exposed  for 
sale  at  a  time,  and  all  must  be  kept  in  the  bin  during  the  night.  Not 
less  tban  a  wLole  tin  may  lie  sold  after  dark. 

The  regulations  affecting  the  dischaige  of  petroleum  from  import 
vessels  (26th  May,  188T)are  to  the  effect  that  "dangerous"  petroleum 
shall  not  be  brought  into  a  ]iort,  but  shall  be  landed  and  stored  as  the 
Goveraor  directs,  under  giiaranti:^  fioni  the  owner  or  master  that  it  will 
only  be  dealt  with  according  to  the  Act  of  1SS3.  Landing  must  be 
effected  in  daylight  only,  no  lamiia  or  lights  being  alloweii  near  the 
holds,  and  must  be  carried  on  under  the  sii|>ei' vision  of  the  police,  at  the 
owner's  expense.  The  Government  may  sell  the  oil  in  order  to  defray 
expenses  and  penalties  incurred.  The  standard  of  test  (fixed  by  order 
in  Council,  15th  May.  1883)  is  an  average  of  TIT.  (Abel),  provided 
no  tRiiiple  in  a  cargo  fisshcs  below  69°.  Notice  must  be  i^iven  to  the 
harbour-master  on  arrival  of  VL'ssel,  and  no  oil  must  be  luaded  until 
the  inspector  has  tested  samples  and  made  his  report. 

SWEDKS. 
Lawt  o/iOlh  Jfo'-tmUr,  1875,  and  27(S  March,  1885. 

The  inflammable  liquidit  affected  by  these  regulations  are  divided  into 
two  classes.  Class  I.  comprises  the  more  inflammable — such  as  benzine, 
ligroTn,  petroleum,  naphtha,  crude  paraffin  oil,  crude  wood  spirit,  &c, 
giving  off  an  inflammable  vapour  below  22°  0.  (=  71-6°  F.)  Al»el  test. 
Class  II.  includes  all  the  less  inflammable,  viz.,  reSned  peti-uleum,  refined 
paraffin  oil,  astral  oil,  refined  wood  spirit,  tur[>eutiiie,  lubricating  oiln, 
Ac,  flashing  between  22°  and  40°  C.  (  =  104°  F.)  Aliel  test.'  Retiueries 
must  be  at  least  500  feet  (about  487  feet  English)  from  the  boundary  of 
a  town,  or  from  any  other  building,  unless  by  special  |>ermissian.  Plans 
of  the  works  must  be  submitted  to  the  authorities,  tind  the  premises 
in8|)ecte(I,  before  refining  is  begun.  Provision  must  be  made  for  the  pi-e. 
vention  of  outflow  or  drainage  of  oil  into  other  properties  or  into  canals, 
lukes,  Ac,  and  all  oils  must  be  removed  from  the  premises  as  soon  as 
ready  for  market.  Storage. — Both  the  wholesale  and  retail  stores  are 
subdivided  into  two  classes.  Smaller  wholesale  ttorea  are  for  quantities 
of  2,000  to  35,000  kannor  (1,152  to  20,100  gallons)— or,  with  special 
permission,  70,000  kamior  (40,320  gallons)— not  more  than  7,000  kannor 
of  which  shall  be  of  liquids  of  Class  L,  but  such  stores  must  not  be  in  a 
closely  built  or  inhabited  part  of  a  town,  nor  under  a  building  used  for 
any  other  purpose.  Larger  whtdemUe  iloreg  are  not  subject  to  any  restric- 
tion as  to  quantity,  but  cannot  be  established  without  special  ]>ermission. 
BtiwiUrd  flatbing  poiiitn  mcntioncil  wurc  fixed  tii  ISSIi.  Previously  the 
atunilards  were — 

For  CUsi  I.,  36''  C.  ( =.    93'  F.). 

iL.  sec. {  =  iiers.). 
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The  limits  of  distance  from  other  buildings,  &c.,  and  prohibition  of  risk 
of  outflow,  are  the  same  as  for  refineries.  Every  wholesale  store  is 
required  to  be  well  ventilated,  and  to  contain  an  excavation,  kept  free 
from  water,  and  large  enough  to  hold  one-fourth  more  than  the  entire 
quantity  stored.  If  within  the  500-feet  limit  and  above  ground,  the 
store  must  be  built  with  fireproof  brick,  or  iron  "walls  with  iron  doors 
and  windows.  No  smoking,  matches,  or  lights  are  allowed,  and  work 
may  only  be  carried  on  during  daylight.  No  part  of  the  stora  may  be 
used  as  a  dwelling  place  at  night.  Sand  must  be  provided  in  case  of  fire. 
Only  iron  barrels  or  wooden  casks  with  iron  hoops  may  be  stored,  and 
these  must  be  so  arranged  as  to  admit  of  ready  inspection.  No  more 
empties  are  allowed  to  be  kept  than  are  absolutely  necessary. 

Small  retail  stores, — Permission  is  granted  on  giving  notice.  Limit,  300 
kannor  (about  173  gallons),  of  which  not  more  than  30  kannor  (about 
17  gallons)  may  be  of  liquids  of  Class  I.  Stock  to  be  kept  in  10-gallon 
(maximum)  iron  casks,  or  3-gallon  glass  or  stone  bottles.  Large  retail 
stores. — Permission  is  granted  after  inspection  and  approval  of  premises. 
Limit  of  quantity,  2,000  kannor  (1,152  gallons),  including  a  maximum  of 
400  kannor  (about  230  gallons)  of  liquids  of  Class  L  Precautions  must 
be  taken  against  fire,  and  the  authorities  may  prescribe  additional  regu- 
lations. Private  houses, — Limit  of  quantity,  20  kannor  in  towns  or  100 
kannor  in  the  country.  A  sufficient  number  of  inspectors  shall  be 
appointed  by  the  head  of  the  Civil  Department  of  the  Government,  each 
inspector  to  be  provided  with  an  Abel  tester,  and  to  keep  a  record  of  all 
tests. 

SWITZERLAND. 

Regulations  in  the  Swiss  Confederation  are  local  only,  each  Canton 
having  its  special  laws  governing  the  storage  and  sale  of  petroleum  and 
other  inflammable  substances,  exce))t  Schwyz  and  Argovie.  Zurich  is 
the  only  one  where  a  standard  of  test  is  specified. 

Appenzell — Rhodes  Exti^rieures. 

A  regulation  dealing  with  the  distillation  and  storage  of  inflammable 
and  volatile  substances,  was  prefixed  in  1871  to  the  existing  law  for  the 
prevention  of  conflagrations.  No  limit  of  flashing  point  is  mentioned 
in  this  regulation,  but  the  following  substances  are  particularly  referred 
to  : — Petroleum,  "  ligroin,"  and  other  volatile  and  inflammable  liquids 
and  materials.  Section  9  of  the  regulation  says — for  purposes  of 
private  use,  not  more  than  5  kilos,  of  petroleum  or  half  a  kilo, 
of  ligroin  may  be  kept.  In  magazines  which  are  situated  in  the 
fire  brigade  district,  or  at  less  than  200  feet  distance  fi*om  another 
building,  there  is  never  allowed  to  be  stoi*ed  more  than  10  barrels 
of  petroleum  or  15  kilos,  of  ligroin.  No  single  receptacle  for  ligroin 
should  contain  over  1}  kilo.  Larger  quantities  of  petroleum,  ligroin, 
and  the  like,  must  be  kept  in  isolated  magazines,  at  least  200  feet  distant 
from  other  buildings.  The  establishment  of  these  magazines  is  subject 
to  the  approval  of  the  local  fire  police.  The  roof  must  be  of  lead,  tiles, 
or  other  hard  material;  shingles  must  not  be  used  for  it.    The  magazines 
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mmt  be  entirelj  enckMed,  and  pnmded  with  yentiljiton,  whidi  cmn  be 
dosed  from  the  outside.  The  distiUation  of  these  oils  may  ooljr  be 
effected  in  fireproof  rooms,  under  the  same  conditions  as  to  isolatioD,  Ac^y 
as  the  forgoing.  Smaller  quantities  of  petroleum  and  ligroln  miist 
similarly  be  kept  in  fireproof  places,  and  never  in  glass  receptaclesL  The 
sale  and  handliDg  of  these  oils  in  the  night-time  is  forbidden.  The 
use  of  open  or  closed  lanterns,  dec.,  smoking,*  and  especially  any 
employment  of  fire,  are  forbidden  in  all  the  above-mentioned  magazines 
and  rooms.  A  supply  of  sand  is  to  be  kept  at  hand  in  each  case. 
Similar  precautions,  as  to  the  proximity  of  fire  or  lights,  are  to  be 
taken  in  all  places  where  retail  dealing  in  these  oils  is  carried  on. 


Canton  of  Berne. 

Ordinance  of  I2lh  June,  1865. 

In  this  Canton,  mineral  oils  (liquid  bitumen,  naphtha,  and  petroleam) 
and  all  similar  liquids,  and  their  derivatives,  are  subject  to  the  same 
regulations  as  (a)  spirits  of  wine  (25"  to  40"*  Cartier);  essential  oils,  such 
as  turpentine,  varnishes  containing  spirits  of  wine  or  turpentine;  (6) 
carbon  bisulphide,  ether  and  ethereal  liquids,  collodion,  benzene,  and 
absolute  alcohol^;  (c)  phosphorus;  (d)  gun-cotton;  (e)  fulminating  silver^ 
and  fulminating  mercury. 

The  limits  of  quantities  to  be  stored  in  or  near  dwelling-houses,  is  as 
follows  : — (a)  1  barrel,  as  undei-stood  in  the  wholesale  trade ;  (b)  3  IbsL 
(Swiss) ;  (c  and  d)  2  lbs.  (Swiss) ;  (e)  ^  lb.  (Swiss).  Such  stores  must 
be  registered  at  the  police  office  of  the  district  All  quantities  beyond 
those  required  for  current  daily  sale  must  be  kept  in  cellars,  well  lighted 
by  daylight  and  only  accessible  to  the  proprietor,  or  his  employes,  on  his 
])ersonal  responsibility,  and  contained  in  stout  vessels  of  glass,  stone,  or 
metal,  protected  from  heat  by  a  covering  of  straw  or  other  material,  or  in 
strong  casks.  The  storage  and  sale  of  unrefined  mineral  oils  (naphtha, 
shale  oil,  petroleum,  photogen  and  solar  oil)  or  similar  liquids  in  any  quan- 
tity whatsoever,  in  or  near  dwelling-houses,  is  pi-ohibited  except  under 
the  following  conditions : — Permission  must  be  obtained  in  accordance 
with  article  14,  3,  A,  and  article  24,  et  seq.,  of  the  Industrial  Law  of 
7th  November,  1 849,  and  this  is  only  to  be  granted  after  official  inspec- 
tion and  approval  of  the  ])remises.  Manufactories,  refineries,  &c,,  are  also 
subject  to  the  same  conditions  (article  14,  3,  g,  Industrial  Law,  1849) 
with  the  exception  of  pharmacies  for  medicinal  preparations.  AH  the 
substances  under  this  ordinance,  except  spirits  of  wine,  must  be  sold  by 
weight  only,  not  by  measure,  and  may  be  weighed  or  manipulated  only  in 
daylight.  No  matches,  lights,  or  smoking  are  allowed.  Mineral  oil  lamps 
must  not  be  used  for  lighting  barns,  stables,  granaries,  &c.  The  carrying 
out  of  these  provisions  rests  with  the  Prefects,  who  must  have  aS 
premises  concerned  thoroughly  examined  by  experts.  The  police  autho- 
ritiet  must  also  make  at  least  one  inspection  annually. 

^  Nitric  aoid  and  bydrochloric  add  are  also  included  under  (6). 


■Jrt        ■_      t-fiMl. 
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Geneva. 
Notification  by  the  Department  of  Justice  and  Police,  8th  December,  1876. 

A  distinction  is  made  in  the  regulations  laid  down  by  the  Government 
of  this  Canton,  between  petroleum  and  "  petrolein,"  "  neolin,"  and 
analogous  substances.  Wholesale  dealers  in  petroleum  may  store  up  to 
three  barrels  of  the  liquid  in  their  private  magazines.  These  must  be 
constructed  either  on  a  ground  floor  or  in  a  cellar,  and  must  be  strongly 
built,  easy  of  access,  well  ventilated,  «kc.  A  supply  of  sand  must  be 
kept  in  readiness.  Retail  dealers  may  store  in  their  shops  a  single 
barrel  of  1 75  kilos,  gross  weight.  Private  persons  may  keep  a  quantity 
not  exceeding  10  kilos. 

As  regards  petrolein,  wholesale  dealers  are  not  permitted  to  store 
over  100  kilos,  in  their  magazines.  Special  pi*ecautions  must  be  taken 
against  accidents,  and  all  transactions  must  take  place  by  day.  The  use 
even  of  safety  lamps  is  forbidden.  A  retail  dealer  is  limited  to  a  supply 
of  50  kilos,  at  most,  to  be  kept  in  an  outhouse.  All  operations — 
changing  of  vessels,  &c. — must  be  carried  on  in  the  open  air,  and  by  day. 
The  liquid  must  be  kept  in  metal  bottles,  of  half  a  litre  or  a  litre,  broad . 
at  the  bottom,  not  entirely  tilled,  and  tightly  corked.  Each  of  these 
receptacles  must  bear  the  guaranty  of  the  department  of  police.  In  the 
actual  shops,  a  limited  number  of  these  bottles  may  be  kept,  representing^ 
in  all,  25  litres.     Private  persons  may  store  1  litre  of  petrolein. 

Authoiity  to  store  must  bo  obtained  from  the  Department  of  Justice 
and  Police,  and  will  be  granted  on  the  foregoing  conditions.  No  casks 
or  vessels  containing  petroleum  and  its  products  may  be  left  in  the  street 
or  in  courts  or  alleys.  The  De])ai*tment  may  order  its  officera  to  inspect 
stores  and  test  their  contents;  obstructing  the  officers,  or  any  contraven- 
tion of  these  regulations,  is  punishable  by  tine  and  withdrawal  of 
permission  to  store. 

Lucerne. 

Trading  in  crude  petroleum,  or  similar  substances,  is  placed  under 
police  supervision.  This  applies  to  all  substances  which  are  inflam- 
mable below  35**  K4iumur,  whether  they  be  entirely  crude  or  partially 
retined.  In  private  houses,  no  greater  quantity  than  5  half-gallons^ 
is  permitted  to  be  kept ;  in  shops  or  private  storehouses,  up  to  200 
lbs.  may  be  stored.  In  the  latter  case,  metal  receptacles  must  be 
employed,  those  not  in  actual  use  being  embedded  in  sand  or  earth. 
Greater  quantities  may  be  stored  only  in  roofed  cellars  or  caverns,  out- 
side the  limits  of  any  town,  and  at  a  convenient  dbtance  from  any  tene- 
ments. These  are  to  be  approved  by  the  police,  and  substances  which 
are  not  explosive  may,  during  the  preparation  of  such  receptacle  for 
storage,  be  temporarily  placed  in  a  public  magazine.  The  aforesaid 
cellai's  are  to  be  duly  ventilated,  the  flooring  to  incline  towards  a  central 
sink  reaching  to  the  clay  subsoil.  Sand  must  be  laid  down  to  the  depth 
of  6  inches.  The  door  should  be  lower  than  the  surface  of  the  surround- 
ing earth,  and  no  outfall  into  a  river  or  canal  is  allowed.  All  work  must 
be  done  by  day,  and  no  artificial  light  may  be  at  any  time  introduced. 
A  plentiful  supply  of  sand  must  be  kept  in  readiness. 
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Zurich. 

Petroleum  and  Inflammable  Substances  Ordinances,  lith  April,  1880, 

and  27th  July,  1888. 

The  storage,  transport,  and  sale  of  i>etroleum,  benzene,  ether,  oil  of 
turpentine,  neolin,  ligroin,  and  other  inflammable  substances,  includlDg 
spirit  and  turpentine  varnishes,  as  well  as  the  sale  of  jietroleiini  lamps 
and  cooking  stoves,  are  placed  under  police  supervision. 

No  oil  of  a  flashing  point  below  23°  C.  may  be  used  for  petroleum 
lamps  and  cooking  stoves ;  neolin  and  ligro'in  may  not  be  supplied  for 
private  use,  but  may  be  employed  for  lighting  public  streets  and  squares, 
under  the  supervision  of  competent  persons.  The  only  lamps  which 
may  be  sold  are  those  in  which  the  constant  temperature  of  the  oil 
when  the  lamp  is  burning  does  not  exceed  that  of  the  external  air  by 
moi'e  than  5°  C.  Stoves  must  be  of  special  construction,  and  both  lamps 
and  stoves  must  admit  of  being  readily  cleaned.  Vendors  of  lamps  and 
stoves  must  show  their  stock  to  the  police,  and  furnish  samples  for  ex- 
amination, when  required.  Storage  in  the  open  air  is  prohibited.  The 
following  are  the  maximum  quantities  allowed  to  be  stored  : — 


Substance. 

QUANTITIESL 

For  Private  Use. 

In  Retail  Shop. 

In  Shopkeeper's 
PriTate  Store. 

Ether, 

Carbon  bisulphide, 

Neolin  or  Ligro'in, 

Benzene,        .... 

Crude  petroleum,  . 

Wood  spirit, 

Spirit  OI  Wine, 

Refined   petroleum    (flashing! 

point  not  below  23'*  C. ),     .  j 
"Safety  Oil"  (flashing  point  \ 

notl)elow3rC.),       .         -i 

Oil  of  Turpentine, 

Spirit  or  Turpentine  Varnish, 

None  allowed. 

»»          ♦» 
5  kilos. 

None. 

♦f 
5  kilos. 

10      „ 

10     „ 

5      „ 
5      ,. 

None  allowed. 
f>          >» 

f»          »» 
25  kilos. 

None. 

»» 

1        50  litres. 

150  kilos. 
150      „ 

t 

50      „ 

:      60     „ 

1 

50  kUoB. 

60       .. 

50       „ 

60      .. 

50      „ 
too  litres. 
700      ,. 

f  5  barrels  of 
(     150  kUos. 

/  3  barrels  of 
t     150  kilos. 
200kUos. 

All  quantities  in  excess  of  those  in  the  last  columu,  must  be  kept  in 
special  fireproof  magazines.  In  shops,  only  metal  vessels  with  brass  taps 
and  drainers  to  catch  the  droppings,  are  allowed  for  petroleum  and 
benzene.  They  must  be  plainly  labelled  and  kept  at  a  distance  from 
stoves  or  direct  light,  and  may  only  be  filled  during  daylight.  Empty 
barrels  must  be  stored  so  as  not  to  increase  the  risk  of  fire,  and  notice  of 
their  being  on  the  premises  must  be  given  to  the  fire  |)olice. 

Sliopkefpera'  stores  must  be  fireproof,  well  ventilated,  and  isolated 
from  the  interior  of  the  house,  or  from  other  stores,  and  none  of  the 
leakage  from  the  storage  vessels  must  be  allowed  to  run  into  any  river, 
canal,  or  sewer,  neither  may  there  be  any  gas  or  heating  apparatus. 
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Sand  must  be  provided  to  quench  fire.  Smoking,  and  the  use  of  artificial 
light,  except  a  safety  lamp^  is  forbidden,  and  entry  into  the  store  is  only 
allowed  under  supervision  of  the  manager. 

Larger  Stores, — These  must  be  erected  outside  towns  or  villages,  away 
from  buildings  or  streets,  and  at  distances  fixed  by  local  authorities. 
They  must  be  fireproof,  easily  accessible,  well  ventilated,  and  so  arranged 
that,  even  during  floods  or  heavy  rainfall,  none  of  the  liquids  stored  can 
be  carried  into  rivers,  canals,  or  ditches.  Sand  must  be  provided  in  case 
of  fire.  If  the  store  is  above  ground,  it  must  not  be  of  more  than  one 
storey,  and  must  be  surrounded  by  a  continuous  wall  of  earth  or  stone- 
1  metre  high  and  3  metres  from  the  wall  of  the  store,  or  by  a  trench 
3  metres  wide  and  1  metre  deep.  The  floor  of  the  store  must  be  of  im- 
permeable material  and  inclined  towards  a  well.  Stores  may  also  be^ 
underground,  in  which  case  they  must  be  fireproof,  built  of  strong 
masonry,  or  cut  in  the  rock,  and  have  tightly  -  closing  doors  and 
windows.  If  in  the  rock,  so  that  a  wall  or  ditch  cannot  be  made  all 
round  the  store,  and  unless  the  floor  is  sufliciently  below  the  outside 
level,  then  a  wall  or  ditch  large  enough  to  prevent  any  outflow,  must  be 
made  round  the  doorway.  If  there  is  another  storage  room  built  over 
the  cellar,  there  must  be  no  internal  communication  between  them,  and 
they  must  be  so  arranged  as  to  prevent  the  possibility  of  damage  to  the- 
upper  storey  by  the  outbreak  of  flames  from  the  lower. 

TASMANIA— -Sec  Australian  Colonies. 

TRINIDAD. 
Petroleum  Ordinances  o/1872  (No,  6)  and  1874  (xVo.  14). 

Vessels  carrying  petroleum  as  whole  or  part  cargo  must,  while  in  the 
harbours  of  San  Fernando  or  Port  of  Spain,  conform  to  the  harbour 
master's  regulations,  under  |)enalty.  The  Governor  may  appoint  storage 
places  in  or  within  one  mile  of  Port  of  Spain  and  San  Fernando,  and 
make  regulations  for  landing  and  keeping.  No  petroleum  may  be  delivered 
from  places  so  appointed  except  between  8  a.m.  and  3  p.m.  (for  licensed 
stores,  the  hours  are  7  a.m.  to  6  p.m.)  For  the  storage  of  all  quantities 
over  10  gallonj^,  a  license  is  required,  and  the  oil  must  be  in  uninflammable 
receptacles.  (The  Ordinance  of  1872  limited  the  quantity  under  license 
to  50  gallons.)  Breach  of  these  regulations  is  punishable  by  fines  and 
confiscation  of  the  oil.  Powers  of  search,  under  warrant  from  the 
Inspector  Commandant,  are  given,  and  sampling  and  testing  by  com- 
petent person,  are  provided  for. 

TURKEY. 

There  are  no  testing  regulations.  The  oil  is  stored  in  and  retailed 
from  a  Government  dep6t  on  the  Bosphorus. 
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A"'^,— All  UnfuiTaUorM  sndcr  thti  fc*«/i?^g  are  in  decrees  Fj 

ALABAMA, — T}**r*  m  do  State  Uw  referring  to 
Cmr  or  MoisiLe. — The  utonige  of  petroleam  mud  oUwr 
liqnidji  i*  nwUr  the  control  of  the  Fire  Police  DefMrtmenc 
ARIZONA. — No  State  law  relattve  to  petroleum. 

ARKANSAS.— .S'^/rojf*. — Xo  State   regulations.     TVj^. 130*  tr^-: 

Tagliabfie  cap. 

CALIFOkMA  — No  Stote  law  on  petroleam. 

CiTT  OF  I»«  ASGELES  (18^3/. — ^'it&ra^. — Except  in  oce 
dixtrict  ^Diiftrict  Xo.  5  of  the  general  fire  limits  of  the  citr)  i 
than  150  gallons  of  anj  ^tcirtAenm  prod  act  other  than  refined  r 

{for  which  the  limit  in  '2(Jf)  gallons  in  metal  cases)  maj  be  kepc, 

muat  l>e  Htored  in  iron  tanlu.    Xo  license  necessary.    Tegt, 1 10*  <U«l> ; 

Tagliabne  ofjen  cap. 

iyiTY  OF  Sackamk.nto. — Storage. — Same  as  San  Franciaco  <o-r-  il  TetL 
— 1 10*"  flash  ;  Tagliabue  o|jen  cup. 

City  of  San  Fbaxciuco. — Stf/rage, — For  quantities  in  exce^  of  100 
gallons  of  spirit  or  1 ,0'K)  gallons  of  oil  /^both  in  metal  cases)  an  annual 
lic^fHse  must  be  taken  out,  and  the  stores  must  be  brick  bnildiniss  not 
ov<rr  one  storey  high,  xnit'A  tor  no  other  purpose,  and  approved  by  the 
fire  marshal  and  majority  of  fire  department.  Test. — 100'  ^*i^h  ' 
Tagliabue  open  cup. 

CAROLINA. —See  Xoitrn  Carolina  and  South  Carouxa. 

COLORADO. — The  pr>wer  of  making  [>etroleura  regulations  is  vested 
in  mayors  and  councils  of  cities  and  towns.  There  is  no  State  law 
referring  to  test. 

City  of  Denvkk. — Storage. — A  |)crmit  from  the  ma\*or  is  iiecessarv 
in  the  case  of  st^>rage  of  more  than  3  gallons  of  mineral  spirit  or 
5  bairels  of  refined  jHitroleum  within  the  city  limits.  Test — 110**  flash: 
Tagliabue  open  cup. 

COLUMBIA  (District  of).— re«^.— No  oil,  or  any  fluid  made  from 
petroleum  or  its  products,  flashing  below  120'  F.  may  be  stored. 

CON  N  KCTIC  UT.— No  State  law  affecting  storage.     Test. — 1 1 0"  Ere. 

City  of  Meuidex. — St(/rage, — Annual  license.  Limit,  3  barrels  in 
any  inhabited  building,  or  10  barrels  in  cellars  4  feet  below  ground  leveL 
and  not  under  a  dwelling.     Test, — 125**  fire. 

City  of  Newiiaven.-— A'tomz/g. — Permit  or  license  required  for  quan- 
tities exceeding  1  barrel  of  refined  oil.  Up  to  3  barrels,  a  permit  from 
the  fire  marshal  is  sufficient.  Beyond  this  amount,  and  up  to  30  barrels, 
storage  is  allowed^  under  Corporation  license,  in  cellars  5  feet  below  the 
ground,  or  with  a  raised  sill  of  3  feet  of  masonry  (with  a  limit  of 
10  gallons  in  the  case  of  spirit).  For  larger  quantities,  special  provisions 
are  requisite.  No  refinery  may  be  erected  within  300  feet  of  any 
building,  wharf,  bridtfe,  or  body  of  water  communicating  with  Newhaven 
barboar.    TiaL^-^UmMmi  Tagliabue  cup. 

DAKOTA.«ii^^HHBiSOTA  and  South  Dakota. 
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DELAWARE. — There  is  no  law  concerning  the  testing  or  storage  of 
petroleum  products. 

City  of  Wilmington. — In  certain  defined  districts  of  the  city,  only 
as  much  as  5  barrels  may  be  stored,  but  outside  these  localities,  an  un- 
limited quantity  may  be  kept,  provided  that  the  place  of  storage  is  at  a 
minimum  distance  of  100  feet  from  any  dwelling.     Test — 110'  fire. 

FLORIDA.— re«^— 130'  fire;  Tagliabue  cup. 

GEORGIA TesL-^UO"*  fire. 

City  op  Savannah  (1881). — Storage, — Up  to  250  gallons  maybe  kept 
in  any  building  without  a  license ;  or  an  unlimited  quantity  in  specially 
adapted  detached  buildings  (not  occupied  as  dwellings),  constructed  so  as 
to  prevent  outflow,  and  either  situated  at  least  50  feet  distant  from  any 
other  building,  or  separated  therefrom  by  a  wall  10  feet  high  and  12 
inches  thick.  Licenses  are  granted  to  store  on  other  premises,  except 
wharves  and  dwellings,  or  rooms  above  the  ground  floor,  provided  the 
parting  walls  and  all  doors  are  fireproof. 

IDAHO. — There  is  no  State  law  referring  to  petroleum. 

ILLINOIS. — Storage, — No  State  law.  Inspection  (Stat^  LaWy  lat 
July,  1877). — The  appointment  of  testing  inspectors  in  towns  and 
villages,  is  compulsory  on  the  requisition  of  more  than  five  inhabitants. 
Inspectors  must  brand  all  casks,  <&c.,  tested,  with  "approved  fire  test 
.  .  .  "  if  the  oil  passes  the  test,  otherwise  with  "  condemned  for 
illuminating  purposes,  fire  test  being  .  .  ."  A  record  of  tests  must 
be  kept,  and  this  is  to  be  open  to  inspection.  Producers  of  or  dealers  in 
oils  must  give  notice  to  the  inspector  within  two  days  after  oil  is  made, 
refined,  or  received.  Omission  to  do  this ;  selling  untested  or  low-test 
oil ;  counterfeiting  brands ;  or  using  branded  vessels  for  untested  oils ;  is 
punishable  by  fines  and  forfeiture  of  the  oil,  as  well  as  liability  for 
damages  to  any  one  injured.  Inspector  may  not  trade  in  oils,  and  are 
liable  to  dismissal,  fine,  and  damages  for  any  injuries  resulting  from  any 
fraud  or  negligence,  of  which  they  may  be  guilty.  Teat, — 150°  firo ; 
Tagliabue  cup,  or  other  approved  instrument. 

OiTY  OP  Chicago.— /S'^ora^e. — ^The  limit  of  quantity  which  may  be 
kept  without  license,  is  5  barrels  of  mineral  spirit  or  turpentine,  of  which 
not  more  than  1  barrel  may  be  stored  elsewhere  than  in  a  celler  5  feet 
below  the  level  of  the  street.  The  1 -barrel  limit  elsewhere  than  in  a 
cellar,  applies  also  to  refined  petroleum.  Unlimited  quantities  may  be 
stored — subject  to  license  from  the  Corporation — in  detached  fire-proof 
warehouses  exclusively  used  for  inflammable  liquids,  provided  that  these 
are  properly  ventilated,  situated  at  least  50  feet  from  other  buildings, 
and  having  cellars  at  least  3  feet  below  the  ground  floor.  The  walls 
must  be  at  least  16  inches  thick,  and  not  exceed  16  feet  in  height;  the 
floors  must  be  made  fireproof,  and  the  roofs  of  iron  or  composition. 
The  surrounding  fire- walls  are  to  be  of  specified  height  and  thickness, 
and  the  copings  of  incombustible  material. 

City  of  Peoria. — Storage. — Retailers  may  store  up  to  2  barrels  out- 
side the  fire  limits  without  license.  Larger  quantities  must  be  kept  in 
epedally  constructed  buildings  or  closed  tanks,  at  least  40  feet  from 
other  buildings,  and  by  special  permission,  afl  to  amount^  from  ih#  ehief 
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of  the  fire  brigade  and  the  city  council.  The  principal  details  of  construc- 
tion of  these  buildings  and  tanks  are,  that  the  former  must  have  oralis  of 
masonry  of  a  minimum  thickness  of  16  inches,  and  a  maximum  height 
of  18  feet,  and  the  tanks  are  not  to  exceed  20  feet  in  height  or  diameter. 
The  latter  are  to  be  fitted  with  automatic  safety-valves,  to  stand  30  feet 
apart,  and  to  be  contained  in  walled  enclosures  of  at  least  three-quarters 
the  capacity  of  the  tanks. 

INDIANA.— res/.— 120"*  flash  ;  Indiana  cup.  Storage.— No  State 
law.  The  local  regulations  in  all  the  chief  cities  are  similar  to  those  of 
Philadelphia  (q.v,), 

INDIAN  TERRITORY.— No  law  on  petroleum. 

IOWA,— Test.— 105"  flash;  Elliott  cup.  Storage.— No  State  laws. 
Inspection, — The  appointment  of  inspectora  and  deputy  inspectors  to 
test  the  oil  is  compulsory.  The  provisions  are  similar  to  those  in  force 
in  Wisconsin  {qv,), 

KANSAS  {Law,  ISth  Marcli,  1889). — Inspection, — Appointment  of 
inspectors  is  provided  for,  as  in  Illinois.  Inspector  must  give  bond  for 
proper  discharge  of  duties  ;  and  brand  standard  test  oils  : — "  approved, 
fire  test  being  110"* ;"  and  low-test  oils  : — ''condemned  for  illuminating 
purposes,  fire  test  being  below  110°;"  together  with  name  and  date. 
Inspector  may  appoint  deputies,  for  whom  he  is  responsible,  but  may  not 
deal  in  oils.  He  must  keep  a  record  of  tests,  open  for  inspection.  In 
case  of  fraud,  or  culpable  negligence  in  discharging  his  duties,  an  inspector 
is  liable  to  fine  and  imprisonment.  Selling  low-test  or  untested  oil ; 
falsification  of  brands ;  omission  to  give  notice  to  inspector  of  possession 
of  untested  oil  within  two  days  after  same  is  made  or  received ;  or  using 
branded  vessels  for  untested  oil,  is  punishable  by  fine  and  confiscation 
of  the  oil.     Test, — 1 10"  fire ;  Tagliabue  cup.     Storage, — No  State  laws. 

OiTY  OP  ToPEKA. — The  storage  of  quantities  exceeding  5  barrels,  is 
subject  to  permission  by  the  fire  marshal,  who  regulates  the  construction 
of  stores  and  is  required  to  regularly  inspect  them. 

KENTUCKY.— AS^tora(7e.—No  regulations.  Test'  (Law  of  2l8t 
February,  1874). — 130**  fire.  Oils  passing  the  test  are  to  be  branded 
*^  standard  oil,''  and  all  others  are  to  be  marked  *' unsafe  for  illuminating 
purposes."  The  selling  of  uninspected  or  low-test  oil,  or  the  hindering  of 
inspectors  in  the  discharge  of  their  duties,  is  punishable  by  fines.  By 
the  Law  of  8th  February,  1876,  inspectoi-s  are  appointed  for  four  years. 
Regulations  for  Applying  Fire  2'est  (Law  of  21st  February,  1874). — 
Water  cup  must  contain  sufficient  water  to  reach  two-thirds  of  the  way 
up  the  side  of  the  oil  cup,  which  is  to  be  filled  with  oil  to  within  \  inch 
of  the  top.  If  the  oil  does  not  ignite  without  heating  when  a  lighted 
match  is  applied  to  its  suiface,  an  alcohol  lamp  is  used  to  raise  its  tem- 
perature, and  is  so  regulated  that  the  temperature  of  oil  increases 
between  V  and  2°  (minimum  and  maximum  limits)  per  minute,  as 
indicated  by  a  thermometer,  the  bulb  of  which  is  just  covered  by  the 
oil.  At  each  degree,  a  lighted  match  is  passed  over  the  surface  of  the 
oil  at  a  distance  of  f  inch,  and  as  soon  as  the  oil  flashes,  the  lamp  is 
removed.  If  it  does  not  continue  to  burn,  the  test  is  continued  as 
before  until  ignition  takes  place. 

^  See  Qtneroi  Stale  Laws,  J.  B.  Sanborn,  1878,  chap,  cxxii. 
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City  op  Louisville. — The  General  Council  has  power  to  introduce 
storage  regulations,  but  does  not  appear  to  have  acted  upon  it. 

LOUISIANA. — Storage. — There  is  no  State  law  on  tliis  head.  In- 
spection (Law  of  2nd  April,  1877). — Inspectors  must  test,  gauge,  and 
mark  each  barrel,  and  deliver  a  certificate  to  the  owner,  taking  a 
duplicate  for  the  Board  of  Health.  This  does  not  apply  to  oil  for  delivery 
outside  the  State,  which  must  be  so  branded  by  the  seller.  No  untested 
oil  or  naphtha  may  be  sold,  and  if  sold,  the  seller  is  debarred  from  any 
suit  at  law  to  recover  price  of  same  from  the  purchaser.  Low-test  oil 
must  be  marked  "explosive  and  dangerous,"  failing  which,  the  seller, 
besides  being  liable  to  penalty,  is  also  liable  in  damages  and  co»ts,  for 
injury  to  persons  or  property  caused  by  explosion  or  ignition  of  such  oil, 
except  in  case  of  gross  negligence  or  carelessness.  Test, — 125° flash; 
Tagliabue  or  other  approved  instrument. 

City  of  New  Orleans. — Test, — 110**  fire;  Tagliabue  cup.  Storage, 
— The  quantity  of  oil  that  may  be  stored  in  one  building,  is  limited  to 
5  barrels  (or  the  equivalent),  and  it  must  be  contained  in  metallic 
packages. 

MAINE. — Storage, — No  law.    Test. — 120°  flash;  Tagliabue  open  cup. 

City  op  Portland  (1883). — A  license  is  required  for  quantities 
exceeding  100  gallons,  but  may  not  be  granted  for  storage  at  wliarves  or 
on  inhabited  premises,  or  for  storage  above  the  first  floor  of  any  building, 
or  for  keeping  spirit  elsewhere  than  in  cellars,  unless  contained  in  well- 
closed  metal  vessels.  Neither  may  more  than  100  gallons  of  any 
petroleum  product  be  kept  on  the  first  floor,  unless  contained  in  tightly- 
closed  metal  vessels,  and  the  foundations  and  walls  of  the  building  are 
of  stone,  brick,  or  iron,  and  the  walls  built  without  apertures  for  at  least 
1  foot  above  the  floor.  The  corporation  has  power  to  revoke  licenses  at 
pleasure. 

MARYLAND. — No  State  law  relating  to  petroleum. 

City  op  Baltimore. — Storage, — A  license  is  required,  and  a  special 
corporation  license  for  quantities  exceeding  100  barrels,  but  with  regard 
to  the  actual  quantities  permitted,  the  terms  of  the  ordinance  are  some- 
what conflicting.  In  one  place,  it  limits  the  amotmt  to  1  barrel,  in 
metallic  packages,,  in  buildings  other  than  dwelling-houses,  but  in 
another,  it  states  that  oil  for  illuminating  purposes  may  be  kept  od 
sale  in  stores,  dwelling-houses,  or  other  building  (apparently  in  unlimited 
quantities).  Spirit  is  limited  to  15  gaUons  in  one  building.  Hetineries 
must  be  at  least  50  feet  from  other  buildings,  or  100  feet,  if  the 
refineries  are  frame  buildings.     Test. — 120°  flash. 

MASSACHUSETTS.— /S^torc^e.— Petroleum,  in  unlimited  quantity, 
may  be  stored  without  license,  in  detached  "  s{)ecially  adapted  "  build- 
ings, surrounded  by  an  embankment  to  prevent  outflow,  and  at  a  distance 
of  50  feet  from  every  other  building  (or  screened  by  a  wall  10  feet  high 
and  12  inches  thick).  In  all  other  cases,  a  license  is  necessary,  the  terms 
of  which  are  at  the  discretion  of  the  local  authority.  Inspection. — The 
corporation,  or  other  local  authority,  must  ap{K>int  inspectors  annually. 
No  oil  may  be  kept  or  sold  without  having  l>een  inspected,  and  all  oil 
failing  to  pass  the  standard  test  is  considered  as  naphtha,  the  sale  of 
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which,  imder  any  assumed  desigDation,  is  prohibited.  Any  inspector 
guilty  of  fraud,  deceit,  or  cul|)able  negligence  in  the  discharge  of  his 
duties,  is  liable  to  fine  or  imprisonment,  as  well  as  to  be  mulcted  in 
damages  for  injury  or  Joss  sustained  by  any  person  through  the  explosion 
or  ignition  of  any  oil  falsely  certified  by  him  (Supplement  to  General 
Statutes,  voL  i.,  chapters  clii.  and  cccxlv.).  Teat, — 100°  flash ;  Tagliabue 
open  cup. 

CiTT  OF  Boston. — License  is  required,  the  conditions  being  left  to 
the  corporation,  except  that  a  license  may  not  be  granted  for  storage  at 
wharves  or  on  inhabited  premises,  or  for  keeping  any  spirit  elsewhere 
than  in  cellars,  unless  securely  packed  in  metallic  vessels.  A  license 
shall  be  held  to  be  revoked,  if  any  of  the  conditions  under  which  it  is 
issued  are  not  observed,  and  the  corporation  may  annul  a  license  at  any 
time. 

MICHIGAN.— *S'^ora^e.— No  State  law.  Test  (1893).— 120°  flash; 
Foster  cup ;  or  148**  fire. 

MINNESOTA.— ^/oro^tf.— There  are  no  State  regulations.  Test, — 
110"  flash  ;  Minnesota  cup.  Inspection. — A  supervisor  of  inspectors 
is  appointed  by  the  State,  and  he  is  required  to  confirm  the  nomination, 
of  ins])ectors  made  by  the  local  authorities. 

Town  of  Duluth. — The  limit  of  storage  is  20  barrels  (5  barrels  in 
the  business  districts),  except  in  such  cases  and  under  such  conditions 
as  shall  have  been  approved  by  the  board  of  fire  engineers. 

City  or  Minneapolis  and  other  cities. — The  storage  of  petroleum 
is  regulated  by  the  fire  marshal. 

MISSISSIPPI. — No  State  law  exists  relating  to  petroleum  products. 

MISSOURI. — Storage, — No  State  regulations.  Inspection  (Law  of 
11th  June,  1879).— All  oil  "burning"  below  150'  F.  must  be  branded  :— 
**  Rejected  for  illuminating  puriK)ses ;"  above  150**  "approved  standard 
oil  ;'*  with  inspector's  name,  date,  place  of  examination,  and  the  igniting 
point.  Oils  igniting  at  ordinary  tempei*atui*es  must  be  marked  with 
specific  gravity  and  "highly  inflammable."  No  oil  or  fluid  igniting 
below  150"  may  be  sold  for  illuminating  except  with  a  view  to  its  use  as 
vapour  or  gas.  If  oil  in  l)ulk  is  tested,  the  sample  must  be  taken  from 
the  top  of  the  storage  tank,  and  the  inspector  or  deputy  must  see  the 
oil  subsequently  placed  in  the  packages  for  sale,  and  brand  the  same. 
Selling  uninspected  or  low-test  oil,  or  fraudulently  altering  inspectors* 
brands,  involves  penalty.  Inspectors  are  empowered  to  examine  sus- 
pected oils,  and  must  prosecute  oflenders.  Delinquent  inspectors  can 
be  dismissed.  Test, — 150®  fire  ;  Tagliabue  or  other  approved  instru- 
ment. Directions  for  Testing, — The  oil  cup  is  to  be  filled  up  to  one- 
third  of  an  inch  from  the  brim  with  oil  at  60*"  F.  and  the  oil  must 
be  entirely  surrounded  by  the  water  in  the  water  bath.  The  application 
of  heat  must  be  regulated  so  as  to  produce  a  rise  in  temperature  of  2'' 
per  minut«,  between  60"  and  118"*.  At  this  latter  point,  the  lamp 
must  be  withdrawn  and  the  oil  allowed  to  reach  120^  by  the  heat  of 
the  water  bath,  before  applying  the  lighted  oak  "splint,"  or  small  gas 
flame,  to  test  for  a  flash.  If  no  flash  is  produced,  the  heating  is  con- 
tinued and  the  light  applied  at  every  4°  (3"*  rise  prodaoed  by  Uie  lamp 
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heat  and  1°  by  the  heut  of  the  water  bath)  imtil  ila.shiDg  ocelli's,  and 
beyond  that  point,  at  every  4°  rise,  until  ignition  takes  place. 

City  of  Jackson. — The  only  conditions  appear  to  be  that  buildings 
used  for  the  storage  of  mineral  oils  must  be  fire  proof  and  isolated. 

MONTANA. — Fire  wardens  appointed  under  the  State  authority  are 
empowered,  among  their  other  duties,  to  examine  any  building  in  cities 
or  towns,  and  direct  the  removal  of  any  inflammable  material  therein 
found,  and  test  any  oil  they  may  tind  therein.     Test. — 110"  flash. 

NEBRASKA.— ^^om^re.— No  regulations.  Test—Owet  100"  flash; 
Foster  cup.  Application  of  test  (^Act  of  27  th  February,  1875). — Haifa 
pint  of  oil  is  to  be  placed  in  a  sniall  vessel  with  a  surface  not  exceeding 
4  square  inches,  and  gradually  heated  at  a  rate  of  not  less  than  2"  per 
minute,  as  indicated  by  a  thermometer  immersed  in  the  oil,  to  a  tem- 
perature at  which  the  oil  will  emit  a  "gas  or  vapour"  that  will  ignite 
when  the  flame  of  a  match  or  taper  is  brought  in  contact  with  it ;  the 
application  of  the  light  being  carefully  and  frequently  made  so  as  to 
indicate  the  exact  temperature  at  which  ignition  occurs.  No  untested 
or  low-test  oil  may  be  sold  for  illuminating  purposes  under  penalty  of  fine 
and  imprisonment,  and  liability  for  damages  in  case  of  injury  resulting 
from  any  infraction  of  this  Act.  Death  resulting  fvom  infraction  of  Act 
is  considered  to  be  manslaughter  on  the  part  of  the  offender.  Contracts 
made  in  contravention  of  Act  are  invalid,  and  buyer  may  return  the  oil 
to  vendor,  and  recover  cost,  freight,  charges,  and  damages.  No  provision 
is  made  for  inspection. 

NEVADA.— No  State  law. 

NEW  HAMPSHIRE.— AS'^om^e.— The  regulations  are  practically 
identical  with  those  of  Massachusetts  (q.t\).  Test, — 100"  flash,  or  120" 
fire  ;  Tagliabue  or  other  approved  instrument.  The  sale  of  illuminating 
oil  or  compound,  made  from  coal  or  petroleum,  which  will  flash  below 
100",  or  ignite  below  110",  is  prohibiteil.  Sellers  of  oils  below  standard 
test,  are  liable  for  any  damage  resulting  from  the  ignition  or  explosion 
thereof. 

NEW  JERSEY.— ^/ora^e.— No  regulations.  Te^^.— 100^  flash;  115* 
fire. 

City  of  Hoboken — Storage. — For  quantities  in  excess  of  100  gallons, 
a  license  is  required,  and  this  license  defines  the  mode  of  construction 
of  the  place  of  storage  and  the  amount  to  be  kept.  A  safety  zone  of 
200  feet  from  every  dwelling-house  and  from  manufacturing  premises 
(except  with  the  occupier*s  consent)  is  prescribed. 

City  op  Newark. — Storage. — There  art*  no  regulations,  but  the  dis- 
tillation or  refining  of  petroleum  within  the  city  limits,  is  prohibited. 
Tc«<.— 110°flre. 

NEW  MEXICO.— No  oil  of  a  fire  test  below  150'  F.  may  be  offered 
for  sale,  retail,  for  illuminating  purposes. 

NEW  YORK  (STATE).— ^'tora^e  {Revised  Statutes,  New  York— 
Bauke's  sixth  edition,  vol.  ii.,  p.  254,  title  vi.,  chap,  xvii.,  part  i.). — No 
license  is  required.     The  limits  of  quantity  are — 
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Mineral  OIL  Mineral  Spirit 

In  any  imrt  of  a  dwelling,       ...        5  barrels.  3  barrels. 

In  buildings  other  than  dwellings — 

Above  cellar  or   J  In  l>arre&  or  re-  )      ,^  iq 

basement,  .    |      tailing  tanks,    {  "  " 

iln  hermetically   j 
closed  metal-   >    100        ,,  10        „ 

lie  packages,     \ 
In  cellars,  &c,  2  feet  below  ground 

level, 150        ,, 

In  detached  masonry  or  iron  ware-, 
houses    specially    constructed,  \ 
with  floor  2  feet  below  ground 
level,  50  feet  from  other  build- 
ings, or  separated  by  interven- 
ing wall  10  feet  high  and   16 

inches  thick,  or  {in  ca^  of  re-  \   Unlimited. 
jituirteH)  m  wrou^ht-iron  tanks  / 
outside  any  building,  or  buried 
in  the  ground,  so  tliat  the  top 
is  at  least  2  feet  below  the  sur- 
face, and  covered  with  a  mini- 
mum   thickness   of   1    foot  off 
earth, / 

The  Act  is  not  to  apply  to  any  place  where  oil  springs  may  be  dis- 
covered and  worked.  'Jest — 110°  tire;  Tagliabue,  or  other  approved 
instrument. 

City  of  Auburn.  —  No  law  relating  to  the  stomge  of  petrolenna 
products. 

City  op  Brooklyn  (1881). — Storage. — A  license  from  the  Commis- 
sioner of  the  Fire  Department  is  required.  In  any  building,  occupied 
wholly  or  in  [iart  as  a  dwelling,  only  one  barrel  may  be  kept.  The 
quantity,  under  other  conditions,  would  (apparently)  be  prescribed  by 
the  license.     Test. — 110°  fire;  Tagliabue,  or  other  approved  instrument. 

City  of  New  York  (1882). — Storage. — The  State  law  (q.v.)  is  speci- 
ally applicable  to  the  City  of  New  York.  An  annual  license  is  required, 
and  a  special  permit  for  warehouses.     The  limits  of  quantity  are  — 

Oil. 
Inside  any  part  of  a  dwelling-house,    ....         1  barrel. 
Above  the  nrst  storey  of  any  other  buihliug,       .         .         5  barrels. 


) 


10 


Above  the  cellar  or  basement,     .        .         .         .        ^  or  50      ,,     in  the 

(  daytime. 

For  lai-ger  quantities,  the  regulations  are  the  same  as  those  in  the 
State  of  New  York,  but  it  is  not  clear  whether  any  spirit  may  be  kept. 
In  one  place,  the  storage  of  spirit  is  prohibited,  except  in  detached  ware- 
houses, but  it  api)ear8  to  be  sanctioned  in  another  paragraph,  under  the 
same  conditions  as  refined  oils.  Elsewhere,  however,  the  keeping  of 
spirit  for  illuminating  or  heating  purposes  is  forbidden.  7'est. — 100' 
^    '  iott  cup. 

yms  governing  vessels  lying  in  Petroleum  Bocks  in  t/te  Counties 
of  New  j.u)ckf  King^Sf  and  Queen!s{Law  ofldth  May,  1879,  chap,  324). — 
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Captain  must  report  amval  of  vessel.  No  fires  or  lights  are  allowed  on 
board  without  written  permission  of  the  wharfinger,  who  will  supply 
cooking  conveniences.  No  fires,  smoking,  or  lights  of  any  kind  allowed 
on  boats  or  vessels — except  steam  tugs  and  fire  engines  in  the  discharge 
of  their  duties— lying  within  150  feet  of  any  place  where  petroleum,  or 
its  products,  is  kept  for  ex|)ort,  or  in  quantities  exceeding  10,000  gallons, 
unless  by  permission,  in  writing,  of  the  owner,  lessee,  or  superintendent  of 
such  store,  specifically  stating  the  kind  of  light  or  fire,  and  the  purpose 
and  place  for  which  it  is  required. 

Port  of  Xew  York  Harbour  Masters  RpgulationSy  let  Jidy,  1880. — 
These  rules  relate  to  the  position  of  vessels  lying  at  wharves,  and,  gener- 
allyi  to  the  control  of  vessels  while  in  the  port,  without  particular  refer- 
ence to  i)etroleum  ships.  The  heating  of  pitch,  tar,  or  other  combustibles 
on  board  vessels  lying  at  wharves,  <kc.,  in  New  York  or  Brooklyn,  is 
prohibited. 

City  of  Poughkeepsie  (1874). — Storage. — No  license  is  needed. 
10  barrels  of  oil  may  be  kept  in  any  store  or  building  within  300  feet 
of  any  dwelling-house,  and  an  unlimited  quantity  beyond  this  distance. 

City  op  Syracuse. — Storage, — The  regulations  are  the  same  as  for  the 
State  of  New  York  (q.v.).     Test — 110"*  tire  ;  Tagliabue  ojjen  cup. 

NORTH  CAROLINA.  — No  State  law  referring  to  petrc»leum 
storage.     Test, — 100**  flash  ;  Foster  cup. 

NORTH  DAKOTA.— rc^^—lOO'*  flash. 

OHIO. — Storage, — No  State  law,  but  laws  and  regulations  similar  to 
those  in  force  in  Philadelphia  (7. v.),  prevail  in  all  the  chief  cities. 
Inspection  (Law  of  \bth  May^  1878). — Manufacturers,  retailers,  and 
others,  oflering  low-test  or  untested  oils  for  sale  for  lighting  pur[>oses, 
except  to  municipal  authorities  for  lighting  street  lamps,  ai*e  liable  to 
fines,  and  are  further  liable  for  any  injuries  caused  by  the  ignition  of 
such  oils.  A  buyer,  finding  any  oil  to  be  below  standard  test,  may 
return  the  same  to  the  vendor,  and  recover  cost,  carriage,  and  damages. 
Inspectors  or  deputies  must  brand  all  vessels  containing  standard  test 
oil: — "approved;"  and  low-test  oil: — "rejected  for  illuminating  pur- 
poses ;"  with  date  of  inspection.  Inspectors  are  sworn,  must  furnish 
bond  for  surety,  must  keep  a  record  of  all  tests,  open  for  inspection, 
and  make  an  annual  return  to  the  Governor.  Deputies  must  make  a 
monthly  return  to  the  chief  inspector.  No  inspector  or  deputy  may 
trade  directly  or  indirectly  in  any  oil  or  product  which  he  is  appointed 
to  inspect.  Breach  of  this  rule,  or  other  dereliction  of  duty,  involves 
fines  and  dismissal.  Disputed  tests  must  be  submitted  to  the  State 
chemist  of  the  Agricultural  College  at  Columbu^^,  and  his  decision  shall 
be  final.  Fraudulently  altering  inspector  s  brands,  or  refilling  branded 
vessels  with  untested  oil,  is  a  misdemeanour.  No  empty  branded  casks 
or  vessels  may  be  sold  without  the  marks  being  first  obliterated.  The 
adulteration  of  standard  with  low-test  oils  is  prohibited,  if  they  are 
thereby  rendered  dangerous.  Gas  or  vapour  from  low-test  oils  may  be 
used  for  illumination,  provided  the  liquid  is  contained  in  underground 
reservoirs,  outside  the  building  lighted  by  such  gas.  Testing, — The 
oil  cup  is  a  metal  or  glass  cylinder  2J-  inches  diameter  by  4  inchea 
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deep  inside,  and  filled  to  within  {  inch  of  the  brim.  The  -water 
bath  is  f  inch  wider  than  the  oil  cup,  and  the  latter  projects  }  inch 
above  the  edge  of  the  bath,  leaving  a  clear  space  of  1  inch  under- 
neath. The  bath  being  filled  with  cold  water,  heat  is  applied  by  a  flame 
regulated  to  produce  a  rise  of  not  less  than  2"  per  minute  (niaximuni  4**). 
The  bulb  of  the  thermometer  is  placed  J  inch  below  the  surface  of  the  oil. 
At  98",  the  lamp  is  removed,  and  at  100°,  the  test  is  applied.  The  test- 
flame  consists  of  a  lighted  wood  "taper,"  ^^  of  an  inch  in  thickness  at  the 
tip,  and  this  is  drawn  across  the  surface  of  the  oil  so  that  only  the  flame 
touches.  If  no  flash  is  observed,  the  test  is  ref>eated  every  5°  (3*  with 
the  lamp  under  the  water  bath,  and  2°  without  the  lamp),  the  lighted 
taper  being  applied  at  every  second  degi*ee  obtained  by  the  heat  of  the 
lamp,  and  if  a  flash  occurs,  the  lamp  should  be  removed,  the  oil  stirred, 
and  the  light  again  applied.  The  standard  test  is  120"*  flash,  and  the 
inspector  may  use  a  Foster  cup,  in  ])lace  of  the  apparatus  described 
above,  if  he  considers  that  greater  uniformity  of  results  will  thus  be 
ensured. 

City  op  Cincinnati. — Storage. — Within  certain  "fire  limits,"  the 
quantity  allowed  to  be  kept  in  any  one  building,  is  restricted  to  10 
barrels,  unless  specially  erected  stores  at  least  60  feet  from  any  other 
building  are  employed,  in  which  case  there  does  not  appear  to  be  any 
limit  as  to  quantity.  The  smaller  dealers  are  nominally  restricted  to 
5  barrels. 

OREGON. — No  state  law  relating  to  ]>etroleum  products. 

City  op  Portland. — Storage, — A  license  is  requisite  for  the  storage 
of  over  1,000  gallons  of  petroleum  "that  will  emit  an  inflammable 
vapour"  (no  mention  being  made  of  temperature  or  testing  instrument). 
This  regulation  does  not  seem  to  apply  outside  a  certain  specified  area. 
The  construction  of  stores  for  larger  quantities,  apj)ears  to  be  regulated 
by  the  license. 

PENNSYLVANIA. — Pennsylvania  Stnle  Laws  for  Petroleum, 
{P.  L.  189,  May  15,  1874):— 

1.  No  refined  petroleum,  kerosene,  naphtha,  h^nzol,  gasoline,  or  any  tluid,  be 
they  designated  by  whatsoever  name,  the  fire  test  of  which  shall  he  less  than 
110  dejin^ees  Fahrenheit,  shall  be  sold  or  offered  for  sale  as  an  illuminator  for  con- 
sumption within  the  limits  of  the  Commonwealth  of  Pennsylvania. 

2.  Said  fire  test  shall  be  determined  by  an  inspector  appointed  under  the  pro> 
visions  of  this  Act,  who  shall  use  Tagliabuc's  or  such  other  well-defined  instru- 
ment as  may  be  used  by  the  inspectors  of  export  oil,  according  to  the  following 
formula : — Heat  with  alcohol,  small  flame  ;  when  thermometer  indicates  ninety 
degrees,  remove  lamp ;  at  ninety-five  try  for  a  flash,  with  small  bead  of  Are  on 
end  of  string,  held  within  a  quarter  of  an  inch  of  surface  of  oil ;  replace  lamp, 
and  work  oil  up  gradually  from  this  point  until  the  burning  point  is  reached, 
removing  lamp  every  four  degrees,  and  allowing  oil  to  run  up  three  degrees  before 
replacing  lamp,  flashing  oil  each  time,  just  before  lamp  is  replaced,  until  result  is 
attained. 

3.  The  said  inspector  shall  be  appointed  by  the  courts  of  common  pleas,  one  in 
each  county  in  the  commonwealth,  wherein  said  burning  oil  or  fluids,  as  before 
mentioned,  are  manufactured  :  Provided  that,  in  any  county  where  there  shall  be 
more  than  one  Court  of  Common  Pleas,  the  said  appointments  shall  be  made  by 
Court  No.  1  in  said  counties,  and  in  any  county  wherein  is  situated  a  city  of  more 
than  three  hundred  thousand  inhabitants,  in  sucii  case,  in  lieu  of  Court  No.  1,  the 
appointment  of  inspector  shall  be  made  by  the  mayor  of  said  city. 
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4.  The  said  iDspectors  shall  hold  their  office  for  the  term  of  three  years,  unless 
sooner  removed  by  the  appointing  power  for  incompetency,  or  found  guilty  under 
the  provisions  of  this  Act ;  vacancies  in  said  office  to  bo  nlled  by  the  authority  in 
which  the  appointing  power  is  vested  by  this  section.  The  said  inspectors  shall 
be  authorised  to  appoint  sucl^  clerks  or  deputies  as  they  may  find  requisite  for  the 
carrying  out  of  the  duties  specified  under  this  Act ;  the  said  clerks  and  deputiea 
shall  be  paid  out  of  the  fees  of  the  office  by  the  inspector  of  the  county  wherein 
the  service  is  performed ;  all  clerks  and  deputies  are  held  answerable  by  this  Act, 
and  subject  to  the  same  penalties  for  violating  any  of  its  provisions  as  are  provided 
in  this  Act  for  the  punishment  of  the  appointed  inspectors.  Each  inspector, 
deputy,  or  clerk,  after  receiving  his  appointment,  and  prior  to  entering  upon  the 
duties  of  the  office  for  which  he  is  appointed,  shall  file  in  the  office  of  the  protho- 
notary  of  the  Court  of  Common  Pleas,  an  oath  or  affirmation  that  he  will  well 
and  truly  perform  the  duties  of  his  office,  and  carry  out  the  provisions  of  this  Act, 
and  said  inspectors  shall  also  file  a  bond,  with  one  or  more  approved  securities,  in 
style  similar  to  that  of  the  sheriff  of  the  county,  in  the  penal  sum  of  ten  thousand 
dollars,  for  the  faithful  performance  of  the  duties  of  said  inspector's  office,  as  pro- 
vided in  this  Act.  The  said  inspector  is  hereby  empowered  to  receive  and  collect  from 
the  manufacturer  or  owner,  the  sum  of  twenty  cents  per  package  for  each  package 
inspected  in  any  lot  under  ten  ;  ten  cents  per  package  for  each  package  inspected 
in  any  lot  not  more  than  fifty ;  seven  cents  per  package  for  each  package  inspected 
in  any  lot  or  all  lots  over  fifty ;  and  one  dollar  for  each  car  of  bulk  refined  oil ;  and 
in  case  any  person  shall  call  upon  said  inspector  to  inspect  one  package  of  refined 
oil,  he  shall  charge  said  person  for  each  inspection  fifty  cents.  The  said  inspector 
shall  provide,  at  his  own  cost,  stencils  for  the  purpose  of  braudinp;  packages,  to 
read  thus — *' State  of  Pennsylvania,  fire  test  one  hundred  and  ten  degrees,  with 
name  of  inspector :  Providedy  when  oil  so  inspected  shall  stand  higher  test,  the 
inspector  shall  designate  such  actual  test  by  his  brand. 

5.  The  said  inspector,  or  his  clerks  or  deputies,  shall,  and  are  hereby  empowered 
to,  enter  any  place  or  building  where  oil  or  fluids,  as  before  designated  in  this 
Act,  are  manufactured,  kept  in  store  for  sale  or  consumption,  in  this  common- 
wealth, and  in  such  counties  where  oil  is  sold  and  not  manufactured,  for  which  no 
inspector  has  been  appointed,  or  in  any  other  place  within  the  limits  of  this  State, 
wherein  he  has  reason  for  believing  that  oil  is  being  kept  or  sold  contrary  to  the 
provisions  of  this  Act,  or  for  the  purpose  of  carrying  out  the  true  intent  and 
meaning  of  this  Act,  any  inspector  shall  have  the  privilege  to  reinspcct,  and  is 
hereby  empowered  to  inspect  any  oil,  as  hereinbefore  designated  in  section  first, 
which  he  may  by  any  reason  believe  to  be  under  fire  test,  and  if  so  found  by  him 
to  be  under  lire  test,  and  falsely  branded,  he  shall  prosecute,  or  cause  to  be  pro- 
secuted, the  offender,  as  herein  authorised  in  section  four  of  this  Act ;  no  charge 
shall  be  made  for  reinspection.  < 

6.  Any  person  violating  any  of  the  provisions  of  this  Act  shall,  upon  conviction 
thereof,  be  deemed  guilty  of  a  misdemeanour,  and  shall  be  subject  to  a  fine  of  not 
less  than  two  hundred  and  fifty  ($250)  dollars,  nor  more  than  five  hundred  ($500) 
dollars,  or  imprisonment  not  less  than  one  year,  or  both,  at  the  discretion  of  the 
Court,  one-half  of  said  fine  to  ffo  to  the  prosecutor,  and  one-half  to  the  school  fund 
in  the  district  where  such  misdemeanour  may  have  been  committed.  Also,  if  any 
person  shall  sustain  damage  to  his  property  or  injury  to  his  person,  by  reason  of  a 
violation  of  any  of  the  provisions  of  this  Act  by  another  person,  the  person  guilty 
of  said  violation  shall  be  liable  to  the  person  injured,  for  all  damages  sustained 
thereby. 

7.  All  the  oils  or  fluids,  subject  to  inspection  under  this  Act,  that  may  be  found 
in  the  hands  of  those  who  sell  in  less  quantities  than  one  barrel,  with  a  fraudulent 
brand  or  mark  of  inspection,  or  found  to  have  been  adulterated,  or  not  coming  up 
to  the  fire  test,  as  the  mark  of  inspection  would  indicate,  shall  be  subject  to  seizure 
by  the  said  inspector,  and  the  same  shall,  after  ten  days'  public  notice,  be  sold 
solely  for  redistillation,  the  proceeds  of  such  sale,  after  deducting  the  necessary 
expenses  of  sale  and  seizure,  shall  one-half  be  given  to  the  public  school  fund 
-wherever  the  seizure  was  made,  and  one-half  to  the  informer. 

8.  Any  inspector  or  deputy  appointed  under  this  Act,  who  shall  violate  any  of 
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its  provisions  by  oeglecting  to  iDspect  upon  request,  or  shall  falsely  brand  any  oil 
or  flnid,  shall  be  deemed  guilty  of  a  misdemeanour,  and,  upon  conviction  thereof 
shall  be  fined  not  less  than  two  hundred  and  fifty  ($250)  dollars,  nor  more  than 
one  thousatid  (f  1,000)  dollars,  and  be  subject  to  imprisonment  for  not  less  than 
three  months  or  more  than  one  year,  or  both,  subject  to  the  discretion  of  the  Court, 
one-half  of  the  fine  to  go  to  the  informer,  and  one-half  to  the  school  fund  of  the 
district  wherein  the  offence  was  committed. 

9.  The  packa^s  containing  oil  manufactured  for  export  shall  be  branded  with 
a  stencil  by  the  manufacturer,  with  the  words  **  for  export,'*  all  benzine,  naphtha, 
or  any  hydrocarbons,  created  in  the  manufacture  of  refined  oil  from  crude  petro- 
leum, or  otherwise  manufactured,  shall  be  inspected  and  branded  **  benzine,"  and 
shall  not  be  kept  for  sale  or  used  in  any  way  for  giving  light  to  be  burned  in  lamps, 
and  this  Act  shall  not  be  construed  to  prohibit  their  use  in  making  gas  to  be  con- 
veyed through  pipes  to  burners,  similar  to  gas  in  city  gas  works,  to  be  used  for 
the  same  purpose,  and,  further,  the  penalties  for  violating  this  section  shall  be  the 
same  as  applied  to  the  use  of  refined  oil  below  legal  test. 

10.  Nothing  contained  in  this  Act  shall  be  construed  or  held  to  apply  in  any 
manner,  to  any  kind  of  oil  or  fluid  manufactured  for  export  from  this  State,  or  in 
transit  from  one  State  to  another  through  the  limits  of  this  commonwealth. 

11.  Any  person  or  persons  who  shall  sell  or  cause  to  be  sold,  any  barrel  or  pack- 
age, or  who  shall  refill  the  same  without  first  removing  the  brand  of  the  inspector, 
«hall  be  liable  to  a  fine  of  three  hundred  dollars  for  every  barrel  or  package  sold 
or  delivered  or  refilled,  said  fines  shall  be  recoverable  as  other  fines  of  like  char- 
acter are  recoverable  by  law,  and  one-half  shall  go  to  the  informer,  and  one-half 
to  the  school  fund  of  the  district  in  which  the  offence  was  committed. 

City  op  Philadelphia. — Storage. — An  annual  license  from  the 
corporation  is  neces-sary.  Within  certain  limits  in  the  city,  25  barrels  of 
oil,  or  1  barrel  of  mineral  spirit,  may  be  kept  in  cellars,  or  on  premises 
properly  excavated  or  embanked  to  prevent  outflow.  Beyond  the  afore- 
said limits,  oil  may  be  stored  up  to  any  amount  in  buildings,  tanks,  or 
excavations,  approved  by  the  fire  marshal,  and  situated  at  least  100  feet 
from  any  dwelling.  This  does  not  apply  to  any  dwelling  in  re.««pect  to 
which  the  consent  of  the  occupier  has  been  obtained.  Oil  in  bond  or  for 
export,  beyond  the  confines  of  Pennsylvania,  is  not  subject  to  the  Act 
<1865).     y'M^.—l  10**  fire;  Tagliabue  cup. 

RHODE  ISLAND. — Storage, — No  license  is  necessary.     Limits  of 

quantity  : — 

oil. 

In  any  store  or  warehouse, 3  barrels. 

In  cellars  4  feet  below  ground  level,  and  not  below  a\    ^^ 
dwelling, J-   l^>       „ 

In  warehouses  of  masonry  or  iron,  specially  constructed,     100        ,, 

Ditto,  50  feet  from  buildings  and  wharv^es  (or  if  less  \ 

than  50  feet,  separated  by  masonry  wall  10  feet  high  f    jj  ..    ..    ^ 
and  16  inches  thick),  and  constructed  to  prevent  T    ^^"™i^^' 
outflow, ; 

Apparently  no  mineral  spirit  may  be  kept,  at  any  rate  for  illum- 
inating purposes.  Test. — 110"  fire.  Inspection, — The  sale  of  oil  flash- 
ing below  110*,  and  the  transfer  from  the  original  packages,  of  any  oil 
or  spirit  brought  into  the  State,  until  it  has  been  insi)ected,  are  prohibited 
under  penalty.  Inspectors  must  brand  every  cask  with  the  flashing 
|X)int  of  the  oil,  in  a  legible  manner.  The  obliteration  or  alteration  of 
inspectors'  brand  marks,  or  putting  untested  oil  into  packages  already- 
bearing  such  brands,  is  punishable  by  fine  or  imprisonment  {General 
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Statutes  of  Rluxie  Island  and  Providence  Plantations^  Title  xvi., 
Chap.  112). 

SOUTH  CAROLINA.— No  State  law  exists  relating  to  petroleum 
products. 

City  op  Charleston. — Storage, — No  license  is  required.  The  maxi- 
mum amount  of  any  petroleum  products  or  other  inflammable  oils,  which 
may  be  kept  in  any  cellar,  store,  or  building,  or  any  one  block  of  pre- 
mises in  the  principal  portion  of  the  city  (t.e.,  south  of  Line  Street)  is 
50  gallons,  and  this  must  be  kept  in  vessels  of  tin  or  other  metal.  Oils 
are  only  subject  to  these  regulations  after  a  lapse  of  twenty-four  hours 
fi-om  the  time  of  their  arrival  in  the  city. 

SOUTH  DAKOTA.— r<M<.— Over  110°  flash.  Instrument,  and 
mode  of  testing  are  prescribed  by  State  Board  of  Health.  Foster 
cup  used. 

City  op  Yankton. — Storage, — Permission  must  be  obtained  from  the 
City  Council  for  the  storage  of  5  barrels  (the  limit  of  quantity)  within 
the  fire  limits  of  *the  city. 

TENNESSEE.— /Stora^re. —No  State  law.  Inspection  (State  Law, 
lOth  March,  1877). — An  inspector  of  illuminating  oils  is  to  be  appointed 
by  the  Governor,  for  each  city  and  county  having  a  population  of 
1 ,000  and  over,  to  inspect  and  test  all  illuminating  oils  made  or  offered 
lor  sale  in  the  State,  and  to  brand  all  vessels,  either  as: — "Approved 
standard  oil ''  (stating  the  flashing  point),  if  they  pass  the  test ;  or  as — 
"  Rejected,"  if  they  fail  to  do  so ;  and  in  the  latter  case,  if  they  are 
inflammable  at  ordinary  temperatures,  with  the  specific  gravity  as  well. 
An  inspector  or  his  assistant  may  go  to  any  county  not  provided  with  an 
inspector,  if  he  heai*s  that  low-test  oil  is  being  sold  for  illuminating  pur- 
poses without  being  branded,  and  may  test  the  same.  Furthermore,  he 
may  inspect  oils  in  transit  from  other  states  to  counties  having  no 
inspector,  and  if  the  same  fail  to  pass  the  test,  may  send  them  back  to  the 
shipper,  but  if  the  said  oils  are  plainly  marked  by  the  manufacturer  or 
shipper  as  not  intended  for  illuminating  pui-poses,  they  may  be  allowed 
to  go  forward  to  their  destination.  The  inspector's  fees  on  oils  in  transit, 
are  collected  from  the  carrier  or  forwarding  agent,  who  has  a  lien  on  the 
goods  until  repaid  by  the  shipper.  Refusal  on  the  part  of  a  canier  to 
pay  the  fees,  or  obstruction,  by  any  one,  of  the  inspector  in  the  discharge 
of  his  duties,  is  piinishable  by  fines,  as  is  also  the  selling  of  low-test  or 
untested  oil  for  lighting  purposes,  or  fraudulent  alteration  of  brands. 
Test, — 120**  flash ;  open  cup.  The  **  standard  "  instrument  must  be  used. 
The  water  bath  must  contain  sufficient  water  to  rise  two-thirds  up  the 
side  of  the  oil  cup.  The  latter  must  be  filled  up  to  |-  of  an  inch  from 
the  top,  with  the  oil  to  be  tested,  and  be  provided  with  a  thermometer, 
the  bulb  of  which  is  just  covered  by  the  oil.  The  oil  is  first  tested,  before 
applying  heat,  by  bringing  a  lighted  match  in  contact  with  its  surface. 
If  no  flash  occurs,  it  is  then  slowly  heated  by  means  of  an  alcohol  lamp 
at  the  rate  of  1°  to  2°  per  minute,  a  lighted  match  being  drawn  across 
the  surface  at  a  distance  of  §  of  an  inch  at  each  degree  rise,  until  a 
flash  occurs. 

City  op  Memphis. — Storage. — In  certain  parts  of  the  city,  not  more 
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than  5  barrels  (and  even  then  only  in  tin  cases)  may  be  stored  on  the 
same  premises.  In  the  remaining  districts  there  does  not  seem  to  be 
any  limit  as  to  quantity,  provided  that  storage  takes  place  in  fire-proof 
buildings  approved  by  the  chief  of  the  fire  brigade. 

TEXAS. — No  state  law  exists  relating  to  petroleum  products. 

City  of  Galveston. — Storage, — Not  more  than  40  gallons  may  be 
stored  in  a  dwelling,  or  above  the  first  floor  of  any  building.     6eyond 
this  quantity  of  "camphene  or  dangerous  inflammable  fluid,   snch   as 
kerosene,  naphtha,  or  any  inflammable  oil  of  any  kind  or  nature  what- 
ever," a  license  from  the  mayor  is  required,  but  this  license  may  only  be 
granted  on  certificate  from  the  chief  engineer  of  the  fire  brigade  that  the 
building  is  suitably  arranged  for  the  prevention  of  outflow,  and  that  the 
adjoining  premises  would  not  be  endangered  in  cane  of  fire.     It  is  for- 
bidden to  grant  a  license  for  storage  in  any  dwelling,  or  for  storage  above 
the  first  floor  in  any  building,  or  for  storage  in  "  any  street,  alley,  or 
wharf."     The  police,  and  the  chief  engineer  of  the  fire  brigade,  or  person 
authorised  by  the  mayor,  may  enter  and  inspect  stores,  and  take  samples. 

VERMONT. — Storage, — The  regulations  in  this  State  are  practically 
identical  with  those  of  Massachusetts  {q.v.).  Teat. — 110**  fire;  Tagliabue 
cup. 

VIRGINIA. — No  State  regulations  relating  to  ])etroleum  products. 

City  of  Richmond. — Storage, — No  law.  Test, — 110"  fire  test; 
Tagliabue  cup. 

WASHINGTON.— No  State  law  on  petroleum  products. 

WEST  VIRGINIA.— No  State  regulations  applying  to  petroleum. 

WISCONSIN. — Storage, — No  State  law.  Inspection, — The  appoint- 
ment of  a  State  supervisor  of  inspectors  is  compulsory.  The  appointment 
of  inspectors  to  test  oils,  is  vested  in  the  supervisor — t.e.,  this  official 
confirms  the  nominations  made  by  local  authorities.  Test. — 120''  flash  ; 
Wisconsin  cup. 

City  op  Madison. — Storage, — The  limit  of  quantity  is  6  barrels,  but 
no  license  is  required. 

City  of  Milwaukee.  — >V^ora5r«. — Mineral  spirit  may  be  kept  only  in 
approved  fire-proof  buildings,  exclusively  appropriated  to  the  storage  of 
such  articles  in  such  quantities  as  may  be  assigned  in  the  license. 
Refined  petroleum  of  over  110*  test,  may  be  stored  to  the  extent  of 
6  barrels  by  day,  or  1  barrel  by  night,  without  license.  Above  these 
limits,  the  place  of  storage  must  be  a  fire-proof  building,  sufficiently 
removed  and  detached  from  other  buildings,  approved  by  the  chief 
engineer  of  the  fire  department,  and  duly  licensed.      Test, — 110'  flash. 

WYOMING. — No  State  law  in  reference  to  test.  Fire  Wardens, 
appointed  under  the  State  authority,  arc  empowered,  among  their  other 
duties,  to  examine  any  building  in  cities  or  towns,  and  direct  the  removal 
of  any  inflammable  material  therein  found,  and  test  any  oils  they  may 
find  therein. 

VICTORIA— iS'c6  Australian  Colonies. 
WEST  AUSTRALIA— 5fe  Australian  Colonies. 
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ZANZIBAR. 

By  a  decree  of  the  Sultan,  Sayyid  Ali  Byn  Said,  dated  27th  April, 
1892,  it  was  ordained  that,  all  petroleum,  kerosene,  and  other  "  explosive  " 
oils  for  lighting  purposes  (without  reference  to  flashing  point)  should  be 
stored,  immediately  on  arrival,  in  a  specially  appointed  warehouse.  The 
limit  of  quantity  to  be  stored  in  a  house,  or  on  other  premises,  is  10  cases, 
but  responsible  merchants  are  allowed  to  keep  up  to  50  cases  in  their 
own  godowns. 

Concluding  Remarks.— From  the  particulai-s  which  have  been 
given  in  this  section  and  a  previous  one,  it  will  be  evident  that 
there  is  a  regrettable  absence  of  uniformity  in  the  methods  of  testing 
adopted,  not  only  in  different  countries,  but  also  in  the  various 
States  of  the  American  Union.  The  existence  of  considerable  diversity 
in  regard  to  the  test  standard  to  be  adopted  with  any  one  system 
of  testing,  Ls  also .  exhibited  in  the  laws  which  have  been  framed 
in  the  United  States.  The  latter  condition,  no  doubt,  arises  from 
the  fact  that,  until  lately,  no  systematic  attempts  were  made  to  deter- 
mine the  relation  between  the  flashing  point  of  an  oil  and  its  safe  or 
dangerous  character  in  ordinary  use.  Moreover,  when  petroleum  was 
first  introduced,  it  was  often  carelessly  or  improperly  handled,  and  the 
accidents  which  occurred  led  to  an  exaggerated  estimate  being  formed  of 
the  I  isk  involved  in  the  use  of  the  oil  as  an  illuminant,  with  the  result 
that  legislative  restrictions  of  a  needlessly  stringent  description  have 
been  placed  upon  the  trade.  It  may  be  added  that  in  certain  of  the 
States,  the  oil  in  general  use,  prior  to  the  adoption  of  any  restric- 
tion as  to  "  test,"  happened  to  be  of  high  flashing  point,  and  in  these* 
cases,  the  standard,  or  limit  of  test,  was  simply  based  upon  the  character 
of  the  oil  commonly  employed  in  the  locality. 
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STATISTICS. 

The  United  States  and  Russia  occupy  predominant  positions  in  the  petroleum 
industry,  and  full  statistical  data  in  respect  to  these  countries  will  be  found  in  the 
following  pages.  Particulars  of  a  less  exact  character  are  also  given  in  relation  to 
Canada,  Galicia,  Italy,  and  Japan ;  in  several  countries,  however — eg,,  Peru, 
Java  and  Sumatra,  Upper  and  Lower  Burma — there  are  no  arrangements  for  the 
collection  of  statistics  of  production,  and  for  this  reason,  no  attempt  has  been  made 
hy  the  author  to  prepare  a  table  giving  the  world's  production. 

The  following  statistical  information  may  be  supplemented  as  regards  individual 
lields  or  deposits  of  minor  importance,  and  in  respect  of  such  particulars  as  are 
of  historical  interest  or  are  unsuited  for  arrangement  in  tabular  form,  by  reference 
to  the  earlier  sections  of  this  work. 
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Pboduction  of  Crudb  PKntOLBUM  IK  Pennsylvania  and  Nkw  York 

IN  1893,  Br  Districts. 

In  barrels  of  42  American  gallcuA, 

DistricU. 

Allemny,  N.Y., 788,709 

Bradford,  Pa, 8,502,186 

Middle  District. 1,249,067 

Clarendon  and  warren, 827,680 

Tiona, 286,506 

Tidioute  and  Titusville, 226,848 

Grand  Vallev, 64,700 

Second  Sand, 246,205 

Lower  District,     .               6,806,969 

Washington  County, 2,077,664 

Beaver  County, 465,800 

Greene  County, 74,877 

Allegheny  County, 5,488,792 

20,227,442 

Franklin  District, 66,278 

Smith's  Ferry  District, 20,798 

Total, 20,314,618 


Pboduction  of  Petroleum  in  the  Lima,  Ohio,  District  from  188G  to  1893L 


Years. 

18S6, 

1887, 

1888, 

1889, 


Barrels. 

Tears, 

1,064,025 

1890, 

4,650,375 

1891, 

0,682,683 

1892, 

12,153,189 

1893, 

Bairela. 
16,014,882 
17,815,978 
15,109,507 
13,646,804 


Total  Amount  and  Value  of  Petroleum  Produced  in  Onio 

FROM  1889  to  1893. 


Districts. 


Lima, 
Macksbunr, 
Eastern  Ohio, . 
Mecca-Belden, 


1889. 


Total        : 
Production. 


ToUI 
Value. 


Barrels. 

12,153,189      §1,822,978 
317,037  340,683 


Price  per 
Barrel. 


90.15 
1.07^ 


1,240 


10,334  8.^ 


Total 
Production. 


Barrels. 
15,014,882 
1,108,334 

•  •   •  • 

1,440 


12,471,466        2,173,995  0.17S    •     16,124,656 


1800. 


Price  per 
Barrel. 


84,604,466  I      ^.30 
1,127,730  '         1.01} 

12,000  I        8.SSi 


5,644,195  i         0.35 


DistricU. 


Lima, 

MacksburK. 
Eastern  Ohio, 
Mecca- I^lden, 


Toul 
PrfMiuction. 

Barrels. 

17,315,978 

4(M),024 

22,859 

1,440 

17,740,301 


Barrels. 
15,169,607 


1801 


ToUl 
Talae. 


Price  p«r 
Barrel. 


$5,556,832 


197.556  11     gggiog 


992,746 
3,112 


21,101  I 


JJO.SOA 
0.56t\ 

a78 


16,362,921  '      6,239,030  0.38 


STATISTICS. 


825 


Total  Amount  and  Value  of  Pftroleum  Produced  in  OBio^ConUnued. 


Districts. 

1803. 

ToUI 
Production. 

Total              ;        Price  per 
Value.                       Barrel. 

Lima, 

MacksburK, 

Eastern  Ohio,          .... 
Mecca-Belden,        .... 

Barrels. 
13,646,804 

j-      2,601,394 

1,671 

$6,448,115 

1,664,892 

11,335 

$0.47i 
0.64 
7.21J 

16,249,769                      8,124,342          j            0.50 

Total  Amount  and  Value  of  Petroleum  produced  in  West  Virginia 

FROM  1889  to  1893. 


! 

1 

1889. 

1800. 

Districts. 

TnUI 
Production. 

T0UI 
Value. 

Price 
jHsr 
Barrel  ' 

ToUl 
Production. 

Total 
Value. 

Price 

per 

Barrel. 

i    Tiirlcey  Foot, 
1    Mount  Morris, 
'    Volcano  and  Eurcica,    . 
Buniing  Springs,  . 

Barrels.     | 
199,460     '    $243,192 
174,758     :      194,949 
165,735           211,526 
4,160               4,160 

$i.2ia 

1.11 
1.27 
1.00 

Barrels. 

«  • 
•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

544,1)3           653,827          1.2()^          492,578 

1 

$501,198    '  $1.01} 

Districts. 

1801. 

1803. 

ToUl              ToUl 
Production.  I      Value. 

Price 

per 

Barrel. 

r 

ToUI 
Production. 

ToUl 
Value. 

Price 

per 

Barrel. 

Turkey  Foot,                . ) 
Mount  Morris,       .       .  • 
Volcano  and  Eureka,    . 
Burning  Springs,  . 

Barrels. 
2,404,218 
2,000 

$1,610,820 
2,000 

$0.67 
1.00 

1     Barrels. 

! 

i    3,807,068 
3,000 

$2,117,692 
2,209 

$0,551 
O.73A 

2,406,218 

1,612,826 

0.07     ,    3,810,086 

1 

2,119,901        0.65,«^ 

Districts. 


Turkey  Foot,  Mount  Morris,  Eureka,  Ac, 

Volcano, 

Burning  Springs, 


Total 
Production. 


Barrels. 
8,427,448 
12,000 
5,964 

8,445,412 


1803. 


ToUl 
Value. 


85,303,567 

27,000 

4,955 

5,425,522 


Price 

per 

Barrel. 


$0.64 
2.25 
0.83 

0.64 
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Stocks  of  Pinnstlvakia  Crude  Pktbolbum  at  thb  bnd  of  each  Yxar 

FROM  1871  TO  1894. 


1871 
1872 
1873 
1874 
1876 
1876 
1877 


Buirelsof 
4S  Amerioui 

532,000 
1,064.423 
1,625,167 
3,706,689 
3,550,207 
2,551,199 
8,127.837 


1878 4,615.299 

1879 8.470.490 

1880 18,928.430 

1881 26,019,704 

ftotfiS  •••••••  •(4.,illD.OlZ 


Ruretoof 
49  Axneiicaa 

1883 35J45,«38 

1884 37,906,120 

1885 34,428,841 

1886 34,166,006 

1887 ^006,211 

1888 18,906,814 

1889 11,602,508 

1890 0,908,000 

1891 15,354,288 

1892 17,896,880 

189S 12,111,188 

1894 6,386,777 


LaBOITR  IMFLOTKD  IN  THE  RkFIXIXG,  &C.,  OF  PSTROLBUM,   KXCLUDDTG  THAT 
KMPLOTED  IN  THB  MlRCANTILB  BRANCHES  AND  IN  TRANSPORT,  ftC. 


SuperintendenU, 28 

Foremen, 196 

Salennen, 23 

Bookkeepera, 9 

Clerki, 436 

BoTi,  oflBoe,  Ac, 555 

Stillmen, 481 

Chief  stillmen, 12 

8U11  cleaner*, 102 

Treaten, 132 

Coopers, 1.907 

Pipe-fitters, 200 

Labourers, 8,703 

Eiifrineers, 114 

Firemen 440 

Yardmen, 44 

Mechanics, 271 

Pressmen, 246 

Boiler-makers, 302 

Bollermen 115 

Bone  burners, 15 

Teamsters. 165 

Watchmen, 126 

Carpenters, 


Machinists, 140 

Compounders, 4 

Boxmakers, 79 

Filter-housemen, 17 

Barrel -housemen, 35 

Pumpmen, 00 

Fillers, 16 

Inspectors, 21 

Packers  and  shippers,       ....  52 

Tinsmiths, 422 

Painters  and  gluers, IS 

Lightermen 25 

Blacksmiths, 30 

Masons, 39 

Solderers, 38 

Cap  solderers, 35 

Bncklavers, 11 

Car  builders, 75 

Faucet  makers, 28 

Lead  burners, 8 

Candle  makers, 0 

I'nclassified, 1,516 

Total 12,530 


In  addition,  there  are  19,832  men  employed  in  the  production  of  the  cmde  oil, 
the  total  number  engaged  in  the  industry  being,  therefore,  32,368. 
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PiPE-UNE  KUNS  IN  TUB   APPALACHIAN  OiL  FlELD  IK    1893,   BY  LiNES. 


Name  of  Company.  Barrels. 

Kational  Tranait,      ....  8,087,337 

Tidewater, 1,579,586 

OcUve, 23,348 

South-West, 6,740,866 

Franklin, 66,278 

Weatem  and  Atlantic,      .  1,019,849 

Producera'  and  Keflners'  Pipe-line )  •,  /y*^  oaj 

Company,  Limited,       .       .        .  j"  ^*^f**^^ 


Name  of  Comimny.  Barrels. 

Chaa.  Miller, 36,724 

Elk, 280,870 

Producers'  Pipe-line 38,214 

Emery, 371,068 

Mellon, 3,103,915 

Eureka, 7,554,806 

Buckeye -Macksburg,              .  2,075,116 

Total 31,003.200 


Shipments  of  Crude  Petroleum  from  tub  Lima-Indiana  Field. 

Year.  Barrels.    '  Year.  Barrels. 

1889 5,801,928     1802 16,504,880 

1890 6,199,306     1893 14,051,643 

1891 12,154,865  . 


Shipments  of  Crude  PtTROLEUM,  and  Refined  Petroleum  reduced  to 
Crude  Equivalent,  from  the  Eastern  Ohio  District. 


Tear.  Barrel*. 

1889 276,432 

1890 578,203 

1891 141,839 


Year. 

1892 

1893 


Barrels. 
06,463 
44,515 


STATISTICS.  833 

GxpoBTs  07  CRDoa  PiraoLEDK  and  Petroleum  PEonnciB,  i»  Giiioiis 
(Ambbican),  nJB  TBI  Fiscal  Ykabs  1889-90  to  1893-94,  kacb  tear  ekdino 
JcKB  aOru.       (Compiled  l^  the  Bnresn  of  8totUtic»  of  the  Uiut«d  States 

Treasury  Department. 


Cocnui. 

U^ 

,«L 

■». 

1»X 

«. 

Crcde. 

Surope- 

S8,W-,430 

09,100.057 

1,188,368 

S,107,1S7 

5,24T.a» 

4,1BS,9(H 

4,877,60! 

1S,9M,088 

n.ios.410 

1-.0W.«9 

21,112,042 

15,178,034 

OltardlrtrteU.   .       .       - 

ToUl 

NqtUi  AmtriM- 

s,B§o,sai 

a,sso,aoo 

1,035.014 

2,009.727 

87.T»,4H 

8».!S6,1M 

a8.s47.8oe 

M,l)«8,450 

100,498.307 

S.!l7,ftMI 

3,8*4,178 

5,608,700 

8.020,188 

B,Bia,40B 
4U.US 

Oth»rdlMrt«U,  .       .        . 

WSOS 

4,338 

6*S,«83 

13,014,162 

lA.li8.04S 

Total  crude,          .        . 

96,4W,0M 

1.000 

3,800 

ss.eoo 

2.000 

Sl.U.I.OB* 

ios.5oa,7o7 

lll.7uS.6te 

121,8Sfl.3*)) 

RKn^B. 

Xaphlluu. 

Enrope- 

Fnmce 

4,19B,7M 

2,3S1.»9 

1,BC1,S84 

4.080.880 

3.784.Hn 

S.015,»S 

s.sn.io* 

3,471,85! 

4,278,767 

B,o*a,sa 

8,208,520 

8,884,780 

Other  diitricU,   . 

Total 

NOHiAlBBriC,        .           ,           . 

Mtj,eia 

mifiS! 

030,800 

058,270 

384.136 

ii.TtB,(iii 

1I,MI,8»7 

)i,6M,750 

17,070,080 

16,242,221 

M,M» 

sa,oio 

M,78a 

lS2,tS7 

173,049 

SonlhAnnric^      .        .        . 

78,1§0 

n,iBz 

88,000 

55,0*0 

79,777 

AiUuulOctunbt..        .        . 

67,787 

38,025 

Afrl>», 

Tot«l,    .... 

10,864 

10,143 

12,070 

0,814 

3.0S0 

lin,S£l 

K9.S5., 

l06,a4S 

*!7,0l8 

at»,633 

ToUIntphtliu.  .        . 

WB»7.4»S 

i!,in,i47 

12.7S7,97S 

17,301.006 

16,666.764 

Europe- 

32,397,015 
S,13a,H3 

3i.4;i.i2i 

7.018,675 

33,641,439 
12,2Sa,S08 

38,312,074 
8,390,961 

Denmark 

7,1*7,115 

OenDinj 

i4a,eS4,o§B 

188,187,071 

183,417.31* 

118,277,484 

80,388,786 

Italy 

18,747,758 

iO.M5.7ffi 

e2,M6,l!08 

i2,W6,0S7 

47.nB.SM 

M.B79,0SS 

3i,se8,tw 

Sweden  end  SorxKj, . 

8,B57.SW 

11,150,884 

10412,012 

0,84»,W1 

UiKtMl  Kingdom, 

«a,S»3,M« 

8i.0B8,sa» 

M,Wl,777 

180,090,321 

a7^,65^olD 

Olbel  dlilrtcU,  . 

Total 

7,4M,013 

B,TfiO,SSl 

0,450,040 

8,«H,«80 

7.J»B,0M 

S*S,68»,4«) 

Sai,0M.i73 

380,357.070 

46»,we,oio 

490.262,316 
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PsnoLBTFii  AND  PcTRouuM  PnoDDcrrs — Cotuituud. 


o™™-. 

!«. 

IBBl. 

i»^ 

>« 

UM 

North  AmerlH- 

BriUihdlitricU. 

B,104.8« 

5,430,280 

5,735,111 

8,Mi,0»3 

8,SM,417 

WettlBdlei,       .        .        . 

*.401,S« 

3,3(I3,S06 

*.174.86fl 

OlhanUiWitt,   - 

Total,    .... 

S,6S(I,1S1 

3,9»S,008 

2.250,  IM 

2.204.002 

i.-M,5es 

IS,0»»,5« 

11,SS7.STS 

U,!M8,(-ia 

li.!»4,7e2 

I«,ia2.8ss 

SddUi  Atnerlc*— 

AriMntlne  RepnMle,  .        . 

B,lIS.yM 

S,*70,1K 

l,825,lElfi 

3.1C3.S4e 

BtmH, 

(t,»S.K»l 

w.tn.cse 

14,II28.«0 

15,560,1363 

12.1S4.700 

S,8M,1D5 
8,041,571 

s.&(a.Bm 

OUiu  dlMrloU,  . 

ToUl 

.,T1K,101 

U,IB7.ail 

n,SB7.7B6 

S1,W»,8S0 

so.«r*,m 

S8.6Sl,0e0 

23.811,900 

Chins, 

1S,07S,0» 

tr.iat.eeo 

17.370,000 

S7.t(7t,aM 

4f\.S77.Wa 

«,SM,770 

ai.ooo,«!9 

M!7fll!o30 

ii.4<M,m 

86.007,567 
37,S7S,4M 

J'PH" 

3j,m.vxi 

Britlih  AnitnluU,    . 

7,OTo.sre 

lo.aw.Ms 

11,053,1(01 

11,831,881 

OlherdbUloU,  .        .        . 

8.»M,*66 

*,S§0,fl90 

3,095,Mfl 

2,0»7,3SO 

2,»u,»sa 

I06.2is.oas 

Africa,     ..... 

B,068,Ma 

H,MS,9» 

8,ao6,osa 

7,0«.45S 

All  other  counlrlHi,       . 

iCT.3eu 

*OB,H50 

329.230 

LoMtallv. 

&13.W6,m 

G7].iio,sne 

(iM,(i9e,6M 

B4E;Mi»,8ia 

750,Ms,aM 

Beleinm 

2,317,030 

2,832.954 

s,»M,fisa 

2,B31,SM 

FruiM,        .... 

S,M8,°£7 

a,428,tiS9 

3,050,547 

4,ia«,22S 

4.51  £,030 

3,708.053 

fi,8S7,471 

llalj-, 

fiig,fl!£ 

*U,g71 

788,806 

1.8M.M0 

!,l»7,tST 

i.s29.m 

l,l*S.808 

s.MO,8oa 

CinLte.1  Klngiloiii, 

18,707,673 

IS,T7B,S0fl 

17.088.132 

I9,MS,Tm 

T«M 

1M,M7 

111,166 

20e.713 

249.474 

415,3Sfi 

«8,*M.S28 

31,M(l,8e8 

!U,fi*0,9Sl 

S9.2ia,5S7 

M,408.B10 

North  Amsric      .       .        . 

£»«» 

6T0,a« 

660,111)1 

1,043.770 

1,726,706 

SoalhAni«rtoi,      .       ,        . 

vsi.ooe 

BW.eio 

7»8,IIH 

I,«rj,i3a 

1, 500,708 

Alia  and  OcnnU, . 

fi82,3»e 

81S,S18 

888.032 

i.«o,i»i 

AlrtcR. 

Tol*l,    -        .        . 

Rfrt(««m(6ar«r»), 

u,sn 

aMTS 

Sl.852 

7T,K18 

115.359 

1,?18,1M 

i,(B!,Mil 

i,SW,lB! 

3.218,900 

4,783,987 

So,i(l4,6« 

1«,S1.,730 

93,601,078 

1B,4S2,BST 

40..«.,577 

10,017 

North  Ain»riM,     .       .       . 

fl,fli2 

e,o73 

All  other  countrki.       . 

TViUl  raldamn,  .       . 

758 

17S 

■ill' 

278 

«.,«<. 

»s,oo. 

13,270 

12,982 

6,028 
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CANADA. 

The  production  of  crude  petroleum  in  Canada,  for  the  years  1888  to  1894, 
calculated  from  the  quantities  of  refined  oil  inspected,  on  the  basis  of  a  yield  <i 
38  per  cent,  of  refined  oil,  was  as  follows  : — 


Tear. 


1888, 
1889, 
1800, 
1891, 
1892, 
1898, 
1894, 


Imperial  gallona. 


Refined  inspected. 


0,645,895 
0,462,834 
10,121,210 
10,270,107 
10,870,707 
10,618,804 
11,027,082 


Onide  equivalent. 


26,120,776 
24,002,106 
26,684,768 
27,026,607 
27,201,894 
27,044,221 
20,018,687 


According;  to  the  returns  received  by  the  Canadian  Geological  Survey,  the 
quantities  of  petroleum  products  manufactured  in  the  Canadian  refineries,  auring 
tne  year  1894,  were  as  follows  : — 

niuminatinff  oili. 11,280,741  imperial  gaUons. 

Benzine  and  naphthas, 645,031       „  „ 

Paraffin  oil, 1,282,740       „  „ 

Oas  and  fuel  oils, 7,828,874       „  „ 

Lubricating  oils  and  tar, 1,801,174       „  „ 

Paraffin  wax, 1,060,178  pounds. 

RUSSIA. 

The  followingstatistics  of  the  Russian  petroleum  i|idustry  are  given  in  poods 
(1  pood  =  36*1127  lbs.  avoirdupois): — 

Note.— In  comparinff  the  production  of  crude  petroleum  in  Bussia  with  the  production  of 
crude  petroleum  in  the  United  States,  8  poods  may  be  taken  as  the  equivalent  of 
the  American  "  barrel"  unit. 

Production  of  Cbudb  Petroleum  in  the  Apshkron  Peninsula,  and 
Exports  of  Petroleum  Products  from  Baku. 


• 

Exports  of  petroleum  products. 

• 

Production 

of 
crude  oil. 

Yean. 

Keroaeae. 

Lubricating  oil. 

Besidnum. 

Total  exports 
of  all  petroleum 

products. 

Million  poods. 

1880,     .     .    . 

26 

8-0 

•  • 

7-0 

WO 

1881, 

40 

12-8 

•  • 

0-8 

22-1 

1882, 

60 

18-5 

OS 

18-2 

81-8 

1883, 

60 

16-0 

1-2 

18-0 

86-0 

1884, 

00 

22-0 

1-6 

20*2 

627 

1885, 

116 

800 

1-6 

83-0 

06-6 

1886, 

160 

850 

1-7 

86-2 

72-0 

1887, 

166 

44-0 

2-8 

41-6 

87-8 

1888,     . 

102 

60-0 

2-6 

68*6 

111-1 

1880,     . 

205 

611 

8*8 

88*6 

168*1 

1800, 

280 

67-3 

4-6 

071 

160-0 

1801, 

280 

740 

61 

108*4 

182*6 

1802, 

208 

78-7 

5-6 

116-8 

201-1 

1803, 

887 

85-0 

6-8 

143-6 

248-8 

1804, 

804 

71-2 

4-0 

108*6 

288*4 

Note.^¥or  the  greater  part  of  the  recent  statistics  of  the  Kusaian  petroleum  indnsCiy,  the 
author  is  indebted  to  Dr.  Paul  Droricoyitch. 
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Effectiys  Production*  in  thb  Ditfirent  Districts. 


MUlioo  poodf. 

1889. 

1800. 

180L                 1891 

1 

i8n.             18M. 

BftUUuuiT.  .    . 
SAboniitchi,  .    . 
Bomany,  .    .    . 
Bibi-Efbat,   .    . 

Total,.    . 

68-9 
106-6 

17*8 

68*8 

148*5 

1*6 

18*0 

74*2                 67*6 

168*5               154*7 

18*0                41*0 

28-9                 88*8 

67*8 

146*3 

78*1 

47*5 

5»-0 

143-0 

61-7 

3S-8 

192*8 

226*3 

274*6               286*5               824*7                297*5 

1 

After  deduction  of  oil  loft  by  leakage  and  evaporation,  used  as  fuel,  Ac. 


Production,  Distinguishino  bbtwkkn  Pumpinq  Wklls  and 

Flowing  Wells. 


Million  poodi. 

1880. 

1890. 

1801. 

1892. 

1893. 

laM. 

Pamping  welU, 
Flowing  wells, 

• 

149*7 
42*6 

176*6 
49-7 

286*4 
89-2 

210*8 
76*7 

215*5 
109-2 

236-7 
01-8 

Number  of  Producing  Wells  in  the  Apsheron  Peninsula. 


1889, 
1890, 


278 
856 


1891, 
1892, 


458 
448 


Producing  wells, 

Wells  in  course  of  drilling, 

Wells  deepened. 

Wells  commenced,    . 


1883. 


ia>4. 


458 

541 

175 

204 

102 

101 

60 

103 

Number  of  PRODuaNO  Wells  in  the  Different  Districts. 


1893. 


Balakhan  y. 1 

Sabountchi, j 

Romany, 

Bibi-Eibat, 1 


175 

224 

33 

20 


} 


468 

48 
25 
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AVE&AOB  PbODUCTION  PER  WkLI.  PER  AnXUM,   IN  P0OD6. 


Balakhany, 
Sabountchi, 
Romany,  . 
Bibi-Eibat, 

General  average, 


1803. 


330,470 

648,610 

2,216,666 

1,826,720 


700,060 


1884. 


1,286,400 
1,312,000 


660,000 


Stocks. 


Crude  oil— at  oil  fields, 

„  Baku, 
Kerosene,  . 
Lubricating  oil. 
Residuum, 


Foods. 


1803L 


16,300,000 

13,100,000 

8,200,000 

700,000 

32,000,000 


1894. 


10,600,000 
14,900,000 
10,800,000 
000,000 
37,800,000 


Exports  of  Petroleum  Products  from  Baku. 


MUlion  poods. 

1889. 

1880. 

188L 

1882. 

By  the  Caspian  Sea, 

By  the  Transcaucasian  Railway, 

110-2 
47-4 

118-7 
67-2 

132-6 
61-8 

145-1 
67-8 

Exports  of  Crude  Petroleum  from  Baku. 


1880, 
1800, 


Thousand  Poods. 

4,186 

1801 

6,484 

1802 

Tboosaod  Poods. 
11,604 
11,532 


Exports  from  Baku. 


Million  poods. 

Crude  Oil. 

Kerosene. 

Residuum. 

1803. 

1804. 

1803. 

1894. 

1883. 

1804. 

By  the  Caspian  Sea, 

By  the  Transcaucasian  Railway, 

»  • 

•  • 

•  • 

20-6 
66-3 

22-0 
48*3 

133-0 
10-6 

182-8 
10-8 

Total,    . 

12-2 

16-4 

86-0 

71-2 

143*5 

103-6 
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Shipmeicts  fbom  Batoum. 


Austria, 

Algiers  and  Tunis 

Belgium, 

Corsica  and  Malta, 

Danubian  Countries, 

England, 

Kgypt, 

Eastern  Countries, 

France, 

Germany, 

Greece, 

Holland, 

Italy 

Port  Said  (transhipment), 

Bussian  ports, 

Turkey, 

Total, 


Poods. 


1803. 

1801. 

6,686,084 

6,87S,a03 

110,872 

•  • 

2,044,754 

3,249,477 

33,560 

•  • 

641,337 

446,296 

6,467,555 

7,S93,924 

288,819 

770,096 

16,302,835 

12,009,034 

1,720,103 

8,628,681 

679,884 

1,539.988 

•  ■ 

38,526 

•  • 

801,724 

1,411,927 

630,969 

4,483,606 

,  ^ 

6,792,000 

6,985.302 

5,858,554 

2,690,664 

53,618,830 

45,996,904 

Stocks  of  Crude  Petroleum  and  Petroleum  Products  at  Baku,  including 
Quantities  in  Tanks  connected  with  Pipe  Lines,  on  1st  January,  1895. 


Kerosene — 

Beflned—Light, 
Heavv, 

DUtlUato— Light,     . 
,,         Heavy,     . 

Benzine,     . 
Lubricating  Oilt— 

Beflned,     . 

Unrefined, . 
Attatki, 
Omidron,^ 
Crude  petroleum. . 
CauMtie  toda  restduali, 


Poods. 

At  the  Refineries. 

At  the  BUUons. 

ToUI. 

3,817,547 

627,599 

3,445,146 

•  • 

•  • 

14,000 

,  , 

•  • 

1,857,001 

,  , 

•  • 

38.000 

•     a 

•  • 

33,006 

•    • 

•  • 

673,730 

■     • 

•    • 

689,393 

23,043,585 

3,286,514 

26,330,109 

•    • 

•  • 

00,665 

8,904,277 

612,057 

9,516,834 

•  • 

•  • 

70,000 

1  Residuum  (sp.  gr.  about  0*945)  from  distillation  of  lubricating  oils. 
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Particulars  of  Plant  at  the  Bakq  Refineries  (113  in  number),  as  on  the 
1st  January,  1895,  based  on  the  Reports  of  the  Enoineebs  of  the 
Excise  Inspection. 

Number  and  kind  of  appliances.  Capacity  In  pooda. 

Stills  for  continuotu  distiUation— 

218  for  kerosene, 299,200 

24  for  oils, 12,800 

8  for  benzine, 1,000 

Stmt  for  intennitUnt  dittOlation— 

658  for  kerosene, 471,842 

156foroU8, 90,458 

19  for  benzine, 9,809 

Storage  tanks— 

876  for  kerosene  diatillate 8,006,260 

140  for  oil  distUlate. 860,846 

43  for  benzine  distillate 77,194 

Add  mixing  tanks  (flgitators) — 

133  for  kerosene, 201,864 

59  for  oil 49,152 

4  for  benzine, 278 

CauUie  soda  mixing  tanks  (agitators) — 

135  for  kerosene, 288,218 

87  for  oil 50,800 

4  for  benzine, 268 

130  air  compressors,  <&c.,  for  mixing-tanks. 

Settling  tanks— 

161  for  kerosene 505,843 

216  for  oU 194,780 

0  for  benzine, 5,808 

968  steam  pumps. 

10  hand  pumps. 

59  donkey  pumps  (for  feeding  steam  boilers). 

Storage  tanks— 

256  for  finished  kerosene, 189,222,278 

101  for  finished  oU, 918,6iB8 

12  for  finished  benzine, 42,976 

117  (earthen)  for  astatki 92,072,616 

138  lined  with  stone 10,484,468 

72  lined  with  iron, 1,167,606 

There  were  altogether  471  steam  boilers  in  use. 


pRODUcrioN  of  Crude  Petroleum  in  Russia,  in  Governments  and 
Provinces  other  than  Baku,  in  1889  and  1890. 


GoremmenU  and  Provinces. 


Kouban, 

Trans-caspian  region,  . 
Tersk,    .        .        .        . 
Tiflis,     .        .        .        . 
Daghestan,    . 
Tauride, 
£li8abeti>ol,  . 
Fergan, 

Total, 


1889. 

1880. 

Poods. 

Poods. 

1,381,942 

1,813,827 

280,400 

286,000 

276,721 

870,800 

55,296 

46,444 

8,956 

2,780 

3,603 

29,168 

8,000 

11.000 

1,426 

2,106 

2,011,342 

2,560,625 
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UNITED  KINGDOM. 

SHiPHSirTs  OF  RxmrED  Pctrolbux  Oil  (Kcbosbne)  from  Amkrica 

AND  Russia  to  the  United  Kingdom. 

(Compiled  by  Henry  Funek  <£-  Co.) 


Yaw. 

Ports. 

American. 

Raaslsn. 

TotAl. 

18M 

Bftrrow-in-Furneas,     . 

•  • 

10,800  barrels. 

10,800  barilla. 

Beltest,        .... 

63,890  barrels. 

67,709       „ 

131,600 

Bristol  and  Aronroooth,    . 

310,9&3      „ 

•  • 

310,963 

Cardiff,        .... 

40,339      „ 

13,900        „ 

64,239 

Coleraine,    .... 

3,900      „ 

•  • 

8,900 

Cork, 

16,966      „ 

•  • 

16,986 

Dablin,        .... 

101,090      „ 

«  • 

101,090 

Exeter  and  Exmoath, 

18,429      „ 

•  • 

18,429 

Galwaj 

3,916      „ 

•  • 

3,91©        . 

Hull, 

242,681       „ 

242,681 

Iptwich,       .... 
Limerick,     .... 

3.006      „ 

•  • 

3,008 

32,449       „ 

•  • 

82,449 

>  LiTerpool  and  Birkenhead, 

617,832       „ 

127,798       „ 

646,625 

Lcmdon,       .... 

1,132,750      „ 

351,2©        „ 

1,484,013 

Lcmdonderry, 

13,244       „ 

•  • 

18,244 

Plymouth,    .... 

59.919      „ 

•  • 

69,919 

Portiahead, .... 

3,231       „ 

•  • 

8,281 

Shield!, 

109,134       „ 

6,650        „ 

115,784 

Sligo, 

4,869       „ 

•  • 

4.869 

Soothampton,     . 

7,640       „ 

•  • 

7,640 

Sonderland, 

37,070       „ 

•  • 

87,070 

Tralee,         .... 

3,104       „ 

•  • 

8,104 

Waterford,  .... 

9,922       „ 

•  • 

9,922 

1893 

Varlotu  ports, 

2,736,236  barrels. 

578,115  barreU. 

3,314,851  bMTvls. 

2,209,619  barrels. 

743,094  barrels. 

2,952,718  bMTvls. 

1893 

1,711,089       „ 

807,600        „ 

2,518,680 

1891 

1,647,772       , 

830,863        „ 

2,478,635 

1890 

1,357,122       , 

787,529        „ 

2,144,661 

1889 

1,355,590 

771,227 

2,126,817 

1888 

1,286,148 

549,126        „ 

1,836,274 

1887 

1,444,350 

188,461 

1,632,811 

1886 

1,363,801 

46,814 

1,410.615 

1885 

.     i  1,307,720      , 

70,149 

1,437,860 

1884 

.     !      927,919 

17,078 

944,997 

18 

1 

8a 

1  1,329,004       , 

502 

1,329,506        , 

>  Exclosive  of  shipments  of  oil  in  barrels  by  general  cargo  steamers. 


PnoDUcnoN  of  Crude  Petroleum  in  the  United  Kingdom  from  th£ 

Year  1886. 


{Frotn  the  Official  returng). 


Tear.  Qusntity. 

1886, 43  tons. 

1887, 66     „ 

1889, 30     „ 

1890 35     „ 

1891. 100     „ 

1892, 218     „ 

1898, 260      „ 

1894. 49     „ 
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AUSTRIAHUNGARY. 

Galicia. 

Production  of  Crude  Petroleum  in  Galicia  from  1883  to  1894. 


Yean. 

1883, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 
1883, 
1894, 


Prodaciion. 

166,600  barrels. 

233,000 

333,000 

433,000 

532,000 

666,000 

746,000 

816,000 
1,083,168 
1,096,242 
1,192,016 
1,200,000 


Xote.— The  official  reports,  on  which  the  atmve  flffures  are  based,  give  the  quantities  in 
metre  centners  (of  100  kilos.),  and  the  barrel  has  been  taken  as  equivalent  to  1^  metre  centner. 

Consumption  of  Refined  Petroleum  in  Austria-Hungary. 

AccordiDff  to  information  received  by  the  author  from  Her  Majesty's  Consul 
General  in  Vienna,  the  consumption  of  refined  petroleum  in  Austria-Hungary 
amounted  to  1,860,000  metre  centners  (1,240,000  barrels)  in  1894. 


Particulars  of  Galician  Petroleum  Wells. 


Total  number  of  excavated  shafts, 

Number  of  shafts  being  sunk  afresh, 

Numberof  shafts  producing  oil, 

Total  number  of  drilled  wells, 

Number  of  wells  being  drilled, 

Number  of  drilled  wells  from  which  the  oil  is  being  raised  by 

manual  labour, 

Number  of  drilled  wells  from  which  the  oil  is  lieing  raised  by 

steam  pumps, 

Number  of  sets  of  hand-drilling  tools  in  use, 

Number  of  sets  of  steam-drilling  tools  in  use, 

Number  of  hand-pumps  in  use, 

Number  of  steam-pumps  in  use. 

Aggregate  length  of  pipe-lines,  in  kilometres, 

Aggregate  length  of  artesian  casing  in  drilled  wells,  in  metres, 
Aggregate  length  of  rivetted  sheet-iron  casing  in  drilled  wells,  in 

metres, 

Number  of  iron  tanks  in  use, 

Number  of  wooden  tanks  in  use, 

Number  of  workmen  employed, 


1891. 


1892. 


1,111 

30 

274 

1,412 

185 

318 

463 
34 

165 

296 
94 

70-7 
132,000 

111,000 
49 
642 
3,275 


1,005 
38 

209 
1,385 

192 

253 

573 
41 

156 

240 
88 

76-3 
217,000 

134,000 
60 
634 
3,173 
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ROUMANIA. 

From  the  reatilto  of  iuqairisB  mode  of  the  R«uiii4iiiui  CotuuI-GeDend,  it 
that  there  are  no  official  records  kept  of  the  prodoction  of  petrolenm 
country. 

The  Austrian  Vice-Conaul  at  PloesU,  reports  that  the  production  c 
petroleum  in  Bonmuiia  for  the  year  1394  woe  m  followB  : — 
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Her  Mftjeety's  Coniul- General  in  Vienna  infomia  the  author  that  the  total 
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JAPAK 

The  production  of  petroleum  in  Japan  in  1890  is  shown  in  the  foUofwing- 
table: — 

Pbodfction  of  Petroleum  nr  Japan  in  1890. 


lahlkari, 
Ugo,. 


Shtnano, 
Totoml, 


ProTinoe. 


Pre&ctiire. 


Hokkaido, 

AUta, 

Yamagata, 

NUgata, 

Nagano, 

ShUkuoka, 


Prodaetion. 


Oallons. 

1,21s 

11,400 

7,541 

1,868,060 

46,870 

92,642 


Total 2,017,116 


Pbodugxiov  or  Pexsolbum  ik  Japan  from  1881  to  1890. 


Yean.  Prodnctloii. 

1881, 703,217  gallona. 

1882, 814,078 

1888, 860,601 

1884, 246,047 

1886, 280,600 


If 
11 


}> 


n 


Tears.  Prodnctloii. 

1886, 685,210  gallona. 

1887 350,804 

1888 1,420,071 

1880, 1,960,924 

1880, 2,017,116 


If 


The  followinjg  are  the  statistics  of  production  by  the  Japan  Petrolenm  Compoay 
since  its  organisation  in  1888  :^ 


Production  of  Petroleum  in  thx  Amaze  Field,  Japan,  from  1888  to  1892. 


Yean. 

1888, 
1880, 
1800, 


Prodnetion. 

678  iho.! 
4,622    „ 

If 


Yean. 

1891, 

1802  (to  NovemberX 


5.228 
1  A  "  8ho  "  is  about  1*8  quart. 


Prodacdon. 

5,077 
5,920 


If 


PARAFFIN. 

Exports  of  Paraffin  and  Paraffin  Wax  from  the  United  States,. 

from  July  1,  1880,  to  Jone  30,  1802. 

{Compiled  from  data  in  the  United  Slatet  Treasury  Department.) 


Year  ending  30th  June. 


1881, 
1882, 
1883, 
1884, 
1885, 
1886, 


Poundi. 


5,360,821 
0,121,161 
14,228,551 
17,080,817 
24,878,488 
24,289,603 


Dollan. 


437,187 

570,131 

036,885 

1,263,107 

1,725,344 

1,720,313 


Year  ending  SOtli  June. 


1887, 
1888, 
1880, 
1800, 
1801, 
1802, 


Pounds. 


81,546,223 
36,006,522 
33,826,575 
48,516,651 
66,366,003 
64,096,867 


Dollars. 


2,032,718 
2,168,247 
2,029,602 
2,406,700 
3,714,640 
8,066,808 
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Exports  of  Paraffin  frox  thb  Unitkd  States  (in  Poands). 


ConntrlMw 


Aigentine  Republic,     .... 

AuBtria-Hungary, 

Belgium 

Brazil. 

BritlBn  Australasia,      .       .       .       . 

British  Africa, 

Central  American  States— Cotta  Rica, 

Ouatemala, 

China, 

Colombia, 

Denmark, 

Dominion  of  Canada— N.S.,  K.B.,  Ac, 

Quebec,  Ontario,  Ac.,     . 

France, 

Germany, 

Italy, 

Japan 

Mexico. 

Netherlands, 

Peru, 

Portugal, 

Russ; 


oiDoiningo, 


Santo 
Spain, 
United  Kingdom— England, 

Scotland, 

Ireland,  .  .  .  . 
Uruguay.  .  .  .  . 
Venezuela,  .  .  .  . 
West  Indies— British,    . 

Danish,    .       .       .       . 

French,    .       .       .       . 

Hayti,      .       .       .       . 

Spanish-Cuba, 

Puerto  Rico,.  . 


18BSL 


2,ia7,6S8 

44,581 

814,e03 

149,291 

102,743 

778 

8,946 

458,825 

960 

40,412 

975,925 

4,896,240 

1,888,618 

1,660,081 

964,482 

812,882 

67,004 


830,810 

66,901,866 

11,460,950 

32,877 

120 

2,606 

14,813 

120 

1,897 

5,561 

88,158 

26,473 


Total, 


82,675,140 


180S. 


100 

181,250 

172,718 

27,804 

292,196 

67,218 

60,686 


2,166 

"690 
270,870 
685,759 
6,491,864 
170,661 
16,841 
864,888 
609,677 

11,648 
142,167 

177,888 
42,470,609 
11,072,762 

278,088 

4,478 
8,294 

"eoo 

14,880 
18,938 


64,096,867 


18M. 


} 


82,206 

804,884 

10,891 

89,890 

9,688 

117,907 


720 

189,686 

91,849 

8,676,046 

88,076 

8,a7 

794,906 

tUUt  KOtt 

CNjO,0vD 

11,641 


428 
175,121 

69,662,106 


4,414 
12,643 

1,292 

'4,486 
19,318 


66,866,003 


OZOKERITE. 

Production  and  price  of  ozolcerite  in  Oalicia  (AoBtria-Hungary). 

^Voe^.- The  following  figures,  for  the  years  1877  to  1892,  are  fhun  the  offlcial  returns,  but 
are  considered  to  largely  understate  the  production  :— 

Year. 

1877, 
1878, 
1879, 
1&$0, 
1881, 
1882, 
1883, 
1884, 

The  aathor  is  informed  that  the  production  in  1S93  amounted  to  56,248  metre 
centners,  of  which  52,410  metre  centners  was  mined  in  the  Drohobycz  District^ 
and  the  remainder  in  Stanislaw. 


Production  in  Metre 

ProducUon  in  Metre 

Centners  of  100  Kilos. 

Year.                           Centners  of  100  Kilos. 

80,610 

1885,        ....      130,258 

103,420 

1886, 

139,254 

90,666 

1887, 

80,500 

105,270 

1888, 

87,800 

106,491 

1889, 

75,600 

00,300 

1890, 

61,609 

106,290* 

1891, 

61,586 

119,669 

1892, 

56,376 
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Tbe  following  particulara  relative  to  the  ozokerite  of  Boryalaw  (Galioia)  are 
taken  from  a  report  by  Messn.  William  Perkiiu  Kod  Haynar  St.  Stephens : — 

QuanUUn  of  cuokFrltn  Hut  I  QainUtla  oT  oiokertte  KDI 

IBS! 13,«0-70tO[U.I  lan U.e40-3.->  tuns. 

198b 13,S5(11X1      „     I  1891.       ....       12,480-00       „ 

IKS.       ....       IS.MO'KJ      .,     [ 

Labour  employed  in  the  iadnitry  at  Boryalaw  ;— 

2,700  meD  working  nnder  ground. 
3,600  meo  working  above  gronnd, 
1,800  women  working  ventilating  fan*. 

450  foremen. 

450  men  carting,  washing,  picking,  melting,  moulding,  ftc 

The  ow>kerite  prodnced  in  the  Drohobycz  diatrict  is  all  melted  on  the  spot.      In 
1803  the  deliveries  were  a«  follow*  :— 

Qnulitr. 

Deitinillon.  NatResntucn. 

S«nottice  (Biuslan  Pnluid). 10,700 

Oennany 3Dn 

Varioiu  reflnerlea  ill  Bohemia  anil  Murarla  (Aiiitrla),      '.'.'.'.       £s|oo(l 

From  Stonielaw,  1,695  metre  centners  was  forwarded  in  1803  to  Lower  Austria 
•nd  Bohemia.    The  rest  was  sent  to  Drohobycz  and  BoryaUw. 


NATURAL  GAS. 

From  Mineral  Beiovrca  of  the  Untied  Slates,  1SS3,  by  Joseph  D.  Weeks. 

Value  or  Natubal  Gas  cossdmed  ik  the  United  States,  1885  to  1893. 


PennajlTai 

Ohiu, 
W«at  Vlijlnln, 
Indiana.    . 
lUlnolL      . 
mtucky, 

Hl^l^n,  : 
UliHXirt,  . 
Ariutnui,  . 


M  13,7W.G0O|1S,Z8 

JO     ss!i.(m     na 
w  t,ou),uao|  1,90 


llin.      Ihill 


I  Dollin.      DalUn. 


xifi,<)eB,  -i,«u«,3no,  3,u7a,S£fi,  s,ub,ood:  i 
ii.000^       &,400      sa.ooo         wo 

tui.iai  s,ais,Boo,  a,iMs.(ii»'  *,7i«.«m  s 

lU.fllB  ^flCIO  6,000         13,988 

s,wa      so.uoo,      38,M3      43,  lis 


.  4,tB;,auino.oi 


;U(I0,1B,B1 


,60I)liS,lli8,B79».l(n 


»i8,7M,7aiifi,«io,owii,80o,n 
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Natubal  Gas  Records  ik  1892  and  1893. 


Amount  received  for  sale  of  gas,  or 

value  of  gas  consumed,    . 
Value  of  ooal  or  wood  displaced,  . 
Number  of  domestic  fires  supplied, 
Number  of  iron  and  steel  works 

supplied, 

Number  of  glass  works  supplied,  . 
Number  of  other  establisnments 

supplied, 

Total  number  of  establishments 

supplied, 

Total  numl>er  of  wells  producing, 

January  1, 

Total  number  of  producing  wells 

drilled, 

Total  number  of  wells  producing, 

December  81,  .  .  .  . 
Total  number  of  feet  of  pipe  laid. 
Total  number  of  establisnments 

reporting, 


13,641,005  14,077,790 
94,022,884  94,468,254 


Penniylvania. 


1803. 


I 


1808. 


Indians. 


1803. 


110,524 

38 
43 

223 

200 

805 

157 

841 
11,989,657 

53 


153,058 

31 
41 

252 

324 

748 

160 

806 
11,858,605 

53 


91,052,818 

91,621,063 

55,852 

1 
15 

226 

242 

411 

114 

408 
5,720,373 

116 


1802. 


9064,366 
91,622,337 
55,821 

3 
0 

244 

256 

323 

75 

380 
5,317,103 

116 


Ohio. 


1803. 


1802. 


9215,440 

9820,406 

11,740 


65 

65 

166 

50 

207 
1,404,008 

401 


9281,510 

9368,200 

0,270 

1 
2 

88 

01 

166 

27 

173 
648,622 

40 


ASPHALT. 

100,039  tons  of  solid  bitumen  was  shipped  from  the  Pitch  Lake,  Trinidad, 
during  the  year  1894. 


SHALE  OIL. 

Statistics  of  the  production  of  oil  shale  and  shale  oil  will  be  found  in  Section. 
VII. 
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DIX     B. 


EMPLOYED   IN   THE    EXPORT   OP   PETROLEUM. 


Builders. 


W.  PUe, 


niff  Momuly  A  Co., 

Norddeutoche 
Sohifbwerft, 

•   •  •  • 

A.  Leslie  A  Co., 
X.  Burchard  M  Ck>., 


A.  Dekke, 

Caird  A  Pardie, 

Bertram  Haswell  A  Co., 

C.  Eeill  A  Sons, 
A.  Leslie  A  Co., 

Bertram  Has  well  A  Co., 

Sunderland  Shipbuild- 
ing Co., 

Motala  Co., 

Armstrong,  Mitchell 
*Co., 

W.  Gray  A  Co., 

Hawthome,Le8lie  A  Co. , 


Armstrong,      Mitchell 

A  Co., 
Pearce  Bros., 

Armstrong,     Mitchell 
A  Co., 


Date. 


it 


(f 


I* 


Falmers    Shipbuilding 
Ca,  Ld., 

Barrow     Shipbuilding 

Co., 
Motala  Co., 
Armstrong,      Mitchell 

A  Co., 
Busiell  A  Co., 

>•       «> 
Armstrong,      Mitchell 

Co., 
S.  Craggs  ASoot, 


11/1866 
Rebuilt 

1888. 
1866 

2A870 

1872 

1872 
10A870 

12A870 

1876 

Bebuilt 

1886. 

1876 

^built 

1886. 

8A881 

10A880 

11A881 
4A881 

10A883 
12A88S 

1885 
1886 


6A886 

12A886 

10A886 
1886 

0A887 

1887 

1887 

5A887 
1A887 

1887 

1888 
1888 

2A888 

2A888 

1888 

9A888 


Place. 


Sunderland, 


Maryland, 
Sunderland, 


Syra, 
l«ew< 


Kiel, 

rra, 
ewcastle, 

Bostock, 

Beigen, 

Barrow, 

Sunderland, 

Bristol, 
Newcastle, 

Sunderland, 

Gothenburg, 
Newcastle, 

Hartlepool, 
Newcastle, 

It 
It 

Dundee, 
Newcastle, 
II 

ti 
It 

Barrow, 

Gothenburg, 
Newcastle, 

Greenock, 

II 
Newcastle, 

Middlesbro', 


Ownen. 


A.  Suart, 


J.  F.  Freeman, 

P.    T.   and   S.   Co.,  Ld. 

(A.  Suart), 
Aktieeelskabet  Lindesnaes 

(J.  Munich  A  Co.X 
Stefan  Panaigottis, 
P.  T.   and  S.    Co.,   Ld. 

(A.  Suart), 

G.  C.  Hanson, 


_ 


J.  Wood  A  Co., 

J.  M.  Lennard  A  Sons, 

J.  R.  D.  La  Parra, 

P.  T.   and   S.    Co.,    Ld. 

(A.  Suart), 
A.  Suart, 
A.  BrostrOm, 

Russian  S.  N.  and  T.  Co., 

Deutsch  -  Amerikanische 

Petroleum  Qesellschaft, 

P.  T.'  and  S.   Ca,  Ld. 

(A.  Suart), 
Deutsch  •  Amerikanische 

Petroleum  Qesellschaft, 
Russian  S.  N.  and  T.  Co., 
C.  WedeUnd  A  Co., 

W.  S.  Croudaoe, 

Deutsch  •  Amerikanische 

Petroleum  Qesellschaft, 
Soc.   Anonyme  p.  11m* 

portation  des  Huflee  de 

graissage, 
Deutsch  •  Amerikanische 

Petroleum  Qesellschaft, 
Soc.   Anonyme  p.  11m- 

portation  dee  Huiles  de 

gralMage, 
American  ret.  Co., 

Nobel  Bros., 

Deutsch. -Am.  P.  GeselL, 

American  Pet.  Co., 

II  It 

L.  Lambert, 

R.  Craggs  ASons, 


Port 


London. 


New  York. 
London. 

Christiania. 

Syra. 
London. 


Tonsbeig. 

II 

W.  Hartlepool. 

Middlesbro', 

Santandar. 
London. 

Gothenburg. 

Odessa. 
Geestemunde, 

London. 

Hamburg. 

Odessa. 
Geestemunde, 

Dundee, 

Geestemunde. 

Antwerp. 

Hamburg. 
Antwerp. 

Rotterdam. 

Libau. 
Hamburg. 

Rotterdam. 

Antwerp. 

Stockton, 


BiHABn. 


ExploilonlSASSO. 
TotalloBS. 


Went  aahOTB.  Fire 
Island.  Sold  for 
I860. 


LoBtatMa7ftaD0. 

Abandoned 

12A890. 


Lost  Iqr  ooUiiloii' 
iAan»  = 


856 


APPENDIX  B. 

Take  Steaiuss  and  Tahk  Saiuho  Tn 


BtdiMr. 

Cjlludon. 

1 

Z» 

S.t 

LouUi 

BnwlUi 

Dcptb. 

"^a- 

H.P. 

H.P. 

L.P 
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9S 

1 

■■OutHetl,'».8 
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28    2 

23 

37 

80 

sa 
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300  a 

30    2 

28    1 
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SS 

BO 

■8 

uo 
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2S 

37 

ao 

39 
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^ 
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« 

m 
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48 

33 
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H»io 

1W8 
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23    (1 
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23 

2E 
87 

56 
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SB 
30 

ISO 
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£00 

ira  0 

30    0 
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14 

22 

36 

Zt 

:^^X^^-''-:   : 

liw 

\m 
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23 

■^ 

» 

3> 
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SOS 
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30 
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an 
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a 

K 

S7 

30 
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a»s 

1S28 
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20 

34 

55 

36 

■-■ 

■■Art«l,"»i. 
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1«S 

2SI    U 

3S    S 

18    3 

IS    0 

21 

34 

B7 

30 
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;|ClrawaRaPrinec,"e.B...       . 
"ruieMTtlie'.'i.i.,    ', 
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IMS 

STB    0 
2)»    0 

38    1 
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27    3 

i' 

^ 

as 

36 
30 

lO) 

"  Wild  Flower, 

i!fl67 

17« 

m  0 

40    2 

IB    9 

20    1 

24 

30 

M 

43 

ISO 

■'Pmdont!*,"!. 
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1701 
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24 

38 

62 

43 
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s 

M 
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2J4S 

2(107 

300    7 

38    0 

26    3 

i* 

SS 

SB 

4S 

•'VllledBDin«i,-...u,      .       . 

171B 

flJS 

330    B 

AS  e 

^     1 

27    5 

20 

33 

% 

W 

!" 

"IUBik,"i.i.,     . 

"BaconLl^t,'....,        , 

^ 
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g 

^ 
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30 
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lS7a 
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Employed  in  the  Export  of  Petrolbux— Continued. 


Balldera. 


Date. 


ArmBtrong,      Mitchell 

A  Co., 
Armstrong,      Mitchell 

&  Co., 
Palmers    Shipbuilding 

Co.,  Ld., 
Armstrong,      Mitchell 

*Co.. 
Russell  A  Co., 
Armstrong,      Mitchell 

A  Co., 


M 

It 
tt 


»» 
»» 
>t 
11 


J.  Boach  A  Sons, 

Oswald,  Mordaunt  A  Co. , 
Armstrong,      Mitchell 

&Co., 
Oswald,  Mordaunt  A  Co. , 


Place. 


Armstrong, 
dbCo., 


Mitchell 


11 


11 


Palmers    Shipbuilding 
Co.,  Ld., 

C.  S.  Swan  A  Hunter, 
R.  Crasgs  A  Sons, 
Craig,  Taylor  A  Co., 

R.  Thompson  A  Sons, 

Palmers    Shipbuilding 

Co.,  Ld., 
A.  A  J.  Inglis, 

D.  J.  Dunlop  A  Co., 

Armstrong,      Mitchell 

A  Co., 
Palmers    Shipbuilding 

Co.,  Ld., 
Armstrong,      Mitchell 

A  Co., 


»» 


»» 


Craig,  Taylor  A  Co., 

Palmers    Shipbuilding 

Co.,  Ld., 
Russell  A  Co., 
Armstrong,      Mitchell 

&Co., 
Motala  Co., 
Armstrong,      Mitchell 

A  Co., 

»»  >» 

Craig,  Taylor  A  Co., 


1888 
1888 

11A888 

1888 

12A888 
1888 

1888 

1888 

1888 

7A888 

1888 

1888 

1888 
1888 

4A889 

1880 

1889 

5A888 

1880 
8A889 
7A889 

3A880 

7A880 

8A880 
9A880 

8A880 

8A880 

1880 

1880 

1888 

1A880 

1800 

3A800 
1880 

1800 
1800 

1800 
4A800 


Newcastle, 


»» 


Greenock, 
Newcastle, 


11 


11 


It 


Chester,  Pa., 

Southampton, 
Newcastle, 

Southampton, 


Newcastle, 
ti 
11 

Middflesbro!, 
Stockton, 

Sunderland, 

Newcastle, 

Glasgow, 
Port-Glasgow, 

Newcastle, 


ti 

Stockton, 

Jarrow, 

Greenock, 
NewcasUe, 

Gothenburg, 
Newcastle, 

II 
Stockton, 


Owners. 


Port 


Deutsch  -  Amerikanische 
Petroleum  Gesellschaft, 
American  Pet.  Co., 

Pet.  Shinping  Co.  of  Lon- 
don, Ld.  (A.  Suart), 
••  Elbruz"  S.S.  Co.,  Ld., 

American  Pet.  Co., 
"Kasbek"S.S.  Co.,  Ld., 

W.  Dickenson  A  Co., 

C.  WedeWnd  A  Co., 
Jas.  £^ott, 
American  Pet.  Co., 
Deutsch  •  Amerikanische 
Petroleum  Gesellschaft, 
Standard  Oil  Co., 

L.  Robbe  flls, 

••  Darial "  S.S.  Co.,  Ld., 

"Rock  Light"   8.S.  Co.. 

Ld.    (G.    Croshaw    and 

Lane  A  Co.), 
"Lumen"  8.S.  Co.,  Ld. 

(H.  E.  Moss  A  Co.), 
"Phosphor " S.S.  Co.,  Ld. 

(R.  Stewart  A  Co.), 
"Astral"   S.S.    Co.,  Ld. 

(W.  Tapscott  A  Co.), 
J.  Knott, 

J.  M.  Lennard  9i  Sons, 
8.8.    "  TancarviUe,"  Ld. 

(A.  Suart), 
8.8.  "Wild  Flower,"  Ld. 

(A  Suart), 
8.8.     "  Prudentia,"    Ld. 

(A.  Suart), 
"  Bayonne  "  8.8.  Co.,  Ld. 
"Manhattan"  8.8.   Co., 

Ld., 
"Kura"   8.8.    Co.,    Ld. 

(Stephens  A  Mawson), 
"Rion"   8.8.     Co.,     Ld. 

(Stephens  A  Mawson), 
Deutsch  -  Amerikanische 

Petroleum  (Jes., 


Geestemunde. 

Rotterdam. 

London. 


ii 


Rotterdam. 
London. 


»i 


1} 


II 
J.  Knott, 
Petroleum  T.  and  Storage 

Co.,  Ld.  (A.  Suart), 
American  Petroleum  Co., 


Geestemunde. 
Newcastle. 
Rotterdam. 
Geestemunde. 

New  York, 

Dieppe. 
Lonuon. 


Liverpool. 


II 

Newcastle. 

Middlesbro'. 

London. 

II 


II 
II 

Newcastle. 


II 


Hamburg. 


II 


P.  Paix  A  Co., 


II 


Russian  8.  N.  and  T.  Co., 
R.  Stewart  A  Co., 

Bear   Creek  Oil    A  Sg. 
Co.  (C.  T.  Bowring  A 

CaX 
A.  Suart, 


Newcastle. 
London, 

Rotterdam. 


Calais'. 


Odessa. 
LirerpooL 

11 
London, 


RsMAass. 


Lost  off  coast  of 
Greece  11A891. 


CoDverted     into 
tank  barge. 


Lofltbyezplotion 
6A882. 


Abandoned  in  mid 
ocean   86A2/IKL 

Lost      1/1802 
(stranded). 


858 


Allcghenj,"  li 
HclgoUnd,"  1.1 

Brlllluit,"  B.t. 


lUrarlck,"  a 
Chrlititig,"  n. 


Aitnkhui/'  B,(.,     . 
mOiUo,"!.!., 
Vahmm,'  haniiia, . 


PmtagonlA,"  hftnjue. 


Bakn  SUndnnl,"  >. 
ITortheni  LiKht,"i 

Lucllliis,"  >!).,' 


nBnnd 


Bpondtliu,"  >.!., 


APPENDIX 

Tavk 


SiBAMiia  un>  Tim  Suuva  Tn 


'    H.P,      ItP.      LP. 


to   1 

M    ! 


3 

Si 
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Employed  in  the  Export  or  Fvtrolexju— Continued, 


BuUden. 

Date. 

Place. 

Owners. 

• 

Port. 

i 

Rbxarks.       ! 

1 

Craig,  Taylor  A  Co., 

8A890 

Stockton, 

S.8.    ••  Allegheny,"    Ld. 
(A.  Suart), 

London, 

Sunk  in  Delaware' 
lAO/W. 

AmiRtroDg,      Mitchell 

1890 

Newcastle, 

Deutsch  -  Amerikanische 

Geestemunde. 

A  Co., 

Petroleum  Gesellichaft, 

1 

>»              »» 

1890 
1890 

II 
II 

II                 II 
II                 II 

II 
If 

Colombian  I.  Wr.  Dry 

1890 
6A890 

Baltimore, 

Standard  Oil  Co., " 

New  If  brk. 

Dock  Co., 

t 

Burmeister  «fe  Waine, 

1890 

Copenhagen, 

Danske  Petroleums  Ak- 
tieselskab. 

Aarhus. 

1 
1 

Armstrong,      Mitchell 

1890 

Newcastle, 

W.  Keswick, 

London. 

A  Co., 

I>                              M 

1891 

II 

"Aral"    S.S.    Co.,    Ld. 

(W.  Tapscott  A  Co.), 
••  Weehawken  "  S.S.  Co., 

Ld., 
••Azov"S,S.  Co.,  Ld., 

Liverpool. 

M                              •> 

1891 

•1 

London. 

>t                              II 

1892 

ft 

Liverpool. 

W.  Gray  A  Co.. 
Armntrong,      Mitchell 

7A892 

W.  Hartlepool, 

M.  Samuel  A  Co.. 

Cie.  Universelle  au  Canal 

London. 

1892 

Newcastle, 

Port  Said. 

1 

V 

ft  Co., 

Maritime  de  Sues, 

ft             11 

6A892 

t> 

Deutsch  •  Amerikanische 
Petroleum  Gesellschaft, 

Hamburg. 

j 

II              II 

7A892 

If 

•'Lucema"S.a  Co.,  Ld., 
(H.  E.  Moss  A  Co.), 

Liverpool. 

II             II 

7A892 

II 

Deutsch  -  Amerikanische 
Petroleum  Gesellschaft, 

Hamburg. 

t 

Palmers    Shipbuilding 

7A892 

Jarrow, 

'*  Astrakhan  "  S.S.  Co.,  Ld. 

LiverpooL 

Co.,  Ld., 

(W.  Tapscott  A  Co.), 

Armstrong,      Mitchell 

8A892 

Newcastle, 

G.  Bois  de  la  Parra,  en 

Santander. 

1 

A  Co., 

liquidacion, 

' 

Kaval  Construction  Co., 

9A892 

Barrow, 

Vestlandske  Pet.  Co., 

Bergen. 

i 

Armstrong,      Mitchell 

9A892 

Newcastle, 

Fourcade  y  Gurtubay, 

Bilbao. 

! 

A  Co., 
Craig,  Taylor  A  Co.. 
Armstrong,      Mitchell 

9A892 

Stoclcton, 

A  Suart  A  Co., 

London. 

1 

9A892 

Newcastle, 

MineralOI  Bafflnerie  Ac- 

Fium6. 

1 

A  Co., 

tien  Gesellschaft, 

T.  Killam, 

1880 
RebuUt 
1892. 
11A892 

TuBkel,  N.S., 

G.  C.  Hansen, 

Christiania. 

J.  Laing, 

Sunderland, 

M.  Samuel  A  Co., 

London. 

Palmers    Shipbuilding 

10A892 

Jarrow, 

American  Pet.  Co., 

Rotterdam. 

and  Iron  Co.,  Ld., 

W.  Gray  A  Co.,  Ld., 

12A892 

W.  Hartlepool, 

M.  Samuel  A  Co., 

London. 

1 

R.  Cra^  A  Sons, 

11A892 

Middlesbro', 

J.  M.  Lennard  A  Sons, 

Middlesbro'. 

1 

Grangemouth  Dock  Td. 

Co., 
Armstrong,      Mitchell 

12A892 

Grangemouth, 

Sociedad  la  Mutua, 

Barcelona. 

12A892 

Newcastle, 

Anapa  Co.,  Ld.  (A.  Suart, 

London. 

A  Co., 

manager), 
"  Northern  Light "  S.S.  Co. 

Naval  Constr.  and  Arm. 

1A898 

Barrow, 

,, 

Co., 

(G.Croshaw  and  Lane ACo.X 
M.  Samuel  A  Co., 

W.  Gray  A  Co.,  Ld., 
James  Laing, 

1A89S 

W.  Hartlepool, 

II 

1A893 

Sunderland, 

Pet.  Shipp.  Co.  of  London, 
Ld.  (A.  Suart), 

,y 

Craig,  Taylor  A  Ca, 

8A893 

Stockton, 

II 

Armstrong,      Mitchell 

8A898 

Newcastle -on - 

A.  Suart  A  Co., 

It 

A  Co., 

Tyne, 

Palmers    Shipbuilding 

4A898 

Jarrow, 

"Aras"    S.8.    Co.,    Ld. 

Newcastle. 

and  Iron  Co.,  Ld., 

^Stephens  A  Mawson), 
M.  Samuel  A  Co., 

James  Laing. 

4A898 

Sunderland, 

London. 

Soci^t^  des  Forges  et 

1893 

Havre, 

Deutsch  et  Cie., 

Havre. 

Chantiers,   Seine  In- 

f^eure, 

W.  Gray  A  Co.,  Ltd., 

4A898 

W.  Hartlepool, 

M.  Samuel  A  Co., 

London. 

D.  J.  Dunlop  A  Co., 

5A89S 

Port-Glasgow, 

•♦  Delaware  "  8.S.  Co.,  Ld., 

•1 

Grangemouth  Dock  Td. 
Co., 

6A898 

Grangemouth, 

Babe  A  Co., 

Vigo,  Spain. 

APPENDIX   e. 
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Employed  in  the  Export  of  Petroleum— Continu^c^. 


Bailden. 

Date. 

Place. 

Owners 

Port. 

RUIXRXH. 

James  Laing, 

1883 

Sunderland, 

"Suram"  S.8.  Co.,  Ld., 

(Stephens  ft  Mawson). 

Soc.  An.  pour  I'imp.  des 

Newcastle. 

Palmers    Shipbuilding 

6A893 

Jarrow, 

Antwerp. 

ami  Iron  Co.,  Ld., 

Huiles  de  Graissage, 

Armstrong,      Mitchell 

6A883 

Newcastle -on- 

"Lucigen"  8.S.  Co.,  Ld. 
(H.  E.  Moss  ft  Co.), 
M.  Samuel  ft  Co., 

Liverpool. 

A  Co., 

Tyne, 

W.  Gray  A  Co., 

6A893 

W.  Hartlepool, 

London. 

James  Laing, 

6A893 

Sunderland, 

"Batoum"    S.  S.    Co., 
(A.  Suart), 

It 

A.  A  J.  Inglis, 

7A893 

Glasgow, 

"  Potomac  "  S.S.  Co.,  Ld., 

i» 

C.  S.  Swan  &  Hunter, 

7A893 

Wallsend  -  on  - 

Tyne, 
Thomaby  -  on  - 

James  Enott, 

Newcastle. 

Craig,  Taylor  Jb  Co., 

7A893 

L.  Mercader  ft  Vda  de 

San  Sebastian. 

lees. 

Londais, 

>l                     M 

1893 

Stockton, 

Pet.  Sh.  Co.  of  London, 
Ld.  (A.  Suart), 

London. 

VV.  Gray  A  Co.,  Ld., 
Armstrong,      Mitchell 

1893 

W.  Hartlepool, 

M.  Samuel  ft  Co., 

It 

9A893 

Newcastle, 

James  Enott, 

Newcastle. 

ft  Co., 

D.  J.  Dunlop  &  Co., 

10A893 

Port-Glasgow, 

"Lackawanna"  S.S.  Co., 

Ld,, 
J.  M.  Lennard  ft  Sons, 

London. 

Savlton  Dixon  &  Co., 
J.  Laing, 

10A893 

Middlesbro', 

Middlesbro*. 

10A893 

Sunderland, 

Pet.  Sh.  Co.  of  London, 

London. 

Ld.  (A.  SuartX 

Armstrong,      Mitchell 

1883 

Newcastle, 

Bear  Creek  Oil  and  Ship- 

II 

ft  Co., 

ping  Co.  (C.  T.  Bowring 
ft  Co.,  Managers). 

Tyne  I.S.B.  Co.,  Ld., 

12A893 

>• 

Northern  Pet.  Tank  S.S. 
Co.,  Ld.  (Hunting  ft  Son. 
Managers), 

Newcastle. 

Craggs,  Sons  ft  Co., 

1893 

Middlesbro', 

Waters  Pierce  Oil  Co., 

St.  Louis. 

Armstrong,      Mitchell 

1A894 

Newcastle, 

M.  Samuel  ft  Co., 

London. 

ft  Co., 

Stettiner  Maschinenb. 

1893 

Bredow  a/0., 

Deutsch  -  Amerikaniache 

Hamburg. 

Act.  Ges.  ••  Vulcan," 

Petroleum  Ges., 

Eockums  Utck.  Verk. 

Akt., 
W.  Dobson  ft  Co., 

•    • 

Malmo, 

M.  M.  Berne  ft  Co., 

Baku. 

1894 

Newcastle, 

Pogosoff  ft  Co., 

ft 

•t           >> 

1894 

It 

Manafor, 

Astrakhan. 

Armstrong,      Mitchell 

1894 

»» 

•    •                            •    • 

•    • 

ft  Co., 

W.  Dobson  ft  Co., 

1894 

It 

Armenian  S.S.  Co., 

Baku. 

J.  C.  Tecklenborg, 

1894 

Oeestemunde, 

Deutsch  -  Amerikanische 
Petroleum  Ges., 

Hamburg. 

Eockums     Mekaniska 

1894 

Malmo, 

A.  Dadascheff, 

Astrakhan. 

Verkstads  Aktiebolog, 

Act.  Ges.  Vulcan, 

1894 

Stettin. 

Deutsch- Amer.  Pet.  Ges., 

Hamburg. 

Stettiner  Masch.  A.  O. 

1894 

It 

It             >i 

It 

Vulcan, 

Bickmers,  R.R.  ft  S.A.G. 

1894 

Geestemunde, 

Rickmers     Reismiihlen, 
Rhederie    ft    Schiffbau 
A.  G., 

Bremerhaven. 

D.  J.  Dunlop  ft  Co., 
Palmers    Shipbuilding 

1895 

Port-Glasgow, 

•*  Chesapeake  "  S.S.  Co.  ,Ld. , 

London. 

6A895 

Newcastle, 

American  Petroleum  Co., 

Rotterdam. 

and  Iron  Co.,  Ld., 

W.  Gray  ft  Co.,  Ld., 

9A895 

W.  Hartlepool, 

M.  Samuel  ft  Co., 

London. 

Tyne  I.  S.  B.  Co.,  Ld., 

8A895 

Newcastle, 

Hunting  ft  Son, 

Newcastle. 

Armstrong,      Mitchell 

10A885 

It 

M.  Samuel  ft  Co., 

London. 

ft  Co.,  Lii., 

W.  Gray  ft  Co.,  Ld., 

10A895 

W.  Hartlepool, 

"             •• 

It 

F.  Schichaw, 

9A895 

Danzig. 

Mineralol  werke,  Albrecht 

ft  Co., 
H.    F.    Swan    (Lane    & 

Hamburg. 

Armstrong,      Mitchell 

8A895 

Newcastle, 

•   • 

ft  Co., 

Macandrew,  Managers), 

»»           f» 

•    • 

ft 

M.  Samuel  ft  Co., 

London. 
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The  following  list  of  tAnk  iteamen  and  tank  sailing  Teuela  employed  in  th« 
WDHport  of  petrolenm  OD  the  Caapian  Sea,  tua  been  supplied  to  tha  anthor  hy 


Tank  9tbambb3  akd  Tank  Saiung  Vessels  ekfloybd  o 


i" 

i 

NUDHOT 

E.^^. 

1 

5 

1' 

1 

it 

^ 

■■Aikarie." 

1877 

KobslBns., 

la.iw 

~g 

OT.IM 

, 

2 

■'ZoroMtre,'' 

'■Kla  Ahad," 

li^ 

Tiwa 

J 

ece,7i)o 

■■Al«BndOT." 

UBTkmilliis, 

s'lHO 

ffiUMO 

• 

:;Arjj^^p«Hc- 

;; 

.ioM 

80,105 

"se;™,.- 

AntonASuUl. 

Te,&!e 

7 

Alonmleff, 
A.  D]»lm(lo*», 

slow 

x^nao 

:;s,;^„ 

;; 

3U,31S 
1S«,M0 

W 

;;|ad|;IJb«i," 

", 

sB^ora 

11 

VerdliTfl, 

li;^ 

u^» 

Mellkave, 
WarUmore. 

iS:3S 

n 

"Smuon," 

Alahin, 
Awtote, 

|i 

7M« 

Ta,a« 

"Boicmi,'' 

ArtemlBTe. 

«t.eVT 

17 

-tapB«»d," 

1^ 

Ki>»i»<tCc., 

M.W 

»^*sa 

'■Bodddn'," 

NoM  Bret, 

B!,OS( 

esi.aae 

"Alraindi.' 

Prmoft, 
Ti.llb.,VE, 

30.150 

;;  *«'*",. 

isioa 

106,300 

^W^llSl.. 

U^SIS 

aoloas 

;;ijgMun,; 

lolw. 

io.gts 

S 

'■M^^," 

;; 

Kslch?™, 

7^631 

«A,SU 

a 

"Ulchill," 

lalea 

ss 

"St-HleliolM,' 

KnitlnlkDve, 

Tdlna 

3R 

;;oi)it,"  ^ 

ie.7To 

H 

"ThreeBnillwii,- 

Doduh-BM-EulibiB. 
KnleiDJkore, 

bIoti 

ass 

"ChndKUJ." 

ie.7tz 

"8lllllll«IllB," 

a.  Ailm  &  E.  Uimcd. 

11  [a»: 

■■Kolomiiii," 

1880 

i-n.  Dronjlna. 

mIsm 

eoBlsio 

A 

"8hBk.n«/ 

Kupl, 

"S.SSI 

M&,aao 

"All-Aiari." 

A.  8.  Tallh, 

07.7BS 

"  Vlent," 

sice: 

ie,(«i 

u;o(K 

407,078 

i 

"Bnuu^" 

Nobel  Broi, 

i,3ai.BM 

1 

::sx;*" 

" 

1.17B,3S3 

lissalBM 

« 

■'Smisl, 

l,45t,S7e 

;;AMniTMri," 

M.  B.",I.  Iinmel. 

6i.ras 

ftS 

Vuclimic  &  Co., 

i2.(W 

SM.M 

■'  D^ilrie,"  ■ 

A.  K.  B.  Coir«r, 

S.89 

"  DnijhB," 

A,  MnnnfovB, 

se 

"EfnV 

1S.M1 

Ji,o9* 

;:fiS?il2^r''' 

En'zKk^™, 

*a 

■■MlchMl," 

M.  Bogiove  A  Co., 

17  Mt 

ISSTUfl 

Sulin, 

1*,MS 

Si  SOS 

fnrer 

1 

■•  Darwin""' 
"Kortra," 

18M 

Kobel  Bnw!, 
r>..  Urajin., 

It    '" 

Nubel  broL. 

IB 

:: 

■'Hplaoa,' 

"  AI«Biider," 

:; 

R-'llin! 

4i 

"Andrey,"                  r  „ 

BolBDo™. 

16  IM 

' 

"■i 

TANK  SHIPS. 
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Task  Stbamibs,  &a — ContinuaL 


Names  of 
Sleamen. 

Names  of 
Sailing  Yeada. 

ear  of 
traction. 

Owners. 

1^ 

a 

ToUI 

of  Load 

during 

I8M1 

£^ 

^1 

ll 

K 

CubiPt 

47 

a 

1882 

6^ 

tS 

•  • 

•^Aatara," 

Eerimove, 
0.  DJabrail, 

6,686 

8 

17,066 

48 

•   • 

"Bourla," 

II 

16,863 

7 

118,041 

40 

•   • 

"BaaUi," 
••Goloub," 

II 

Earadjeve, 

23,680 

7 

166,128 

00 

•  • 

II 

BochJcarove, 

13,134 

6 

78,8041 

81 

•  • 

"  Iitambul," 

II 

C.  A.  Marieve, 

10,076 

6 

60,880l 

82 

•   • 

••Kara,",^ 

II 

Alieve, 

11,001 

3 

88,008 

63 

•   • 

••Lebed," 

II 

Cochin, 

23,700 

7 

166,000 

64 

•   • 

"Naapol," 

II 

Karaeve  A  Co., 

10,621 

6 

68,106 

66 

•    • 

"NUegoPod,; 

If 

Krizkai, 

12,745 

6 

68,726 

66 

•   • 

••Rognieda," 

II 

Baah  A  Vorobieve, 

22,634 

8 

180,272 

67 

•   • 

••BuatamAbad," 

II 

Hagimove, 
0.  Djevat, 

21,640 

6 

120,804 

68 

•   • 

••SamPaaha," 
••Thr«8vUtftel," 

II 

8,655 

3 

26,666 

60 

•   • 

II 

A.  Kylieve, 

23,460 

5 

117,800 

60 

•    • 

'•  Ueein  Abad, ' 

II 

Bakichanove. 
Rasulove  A  llam. 

4,182 

2 

•    • 

61 

■   • 

"ChamidAbad," 

II 

8,806 

3 

26,418 

62 

•   • 

••  Tahamogoria," 

II 

ChandsBakich, 

18,070 

7 

126^400 

16 

•    • 

"Grigorlan," 

•  • 

1883 

EolemikoTe, 

22,504 

40 

000,160 

17 

•    • 

;;h5^^" 

•    • 

II 

Nobel  Broa. 

33,807 

42 

1,488,674 

18 

•    • 

"OpiV"^    . 

•   • 

II 

Eaatahieye, 

15,023 

48 

721,104 

19 

•    • 

"Talmud," 

•   • 

It 

Nobel  Bros., 

34,758 

38 

1,890,804 

63 

•  • 

'•Caukaa," 

II 

DJab  <fe  R.  Zein, 

20,561 

0 

186,040 

64 

•  • 

•*Leon," 

II 

Raaulove  A  Jacob, 

18,048 

7 

182,686 

66 

•  • 

"Machmudie," 

II 

Tair  Ramaaanove, 

21,560 

6 

120,86tt. 

66 

•   • 

"Orel," 

II 

Oubin  A  Simeonove, 

20,500 

6 

128,064^ 

80 

•    ■ 

"Gortaont." 
"SpauUd," 

•   • 

1884 

Poniaovkin, 

10,746 

38 

760,34i 

21 

•    • 

•  ■ 

II 

Buniatove, 

20,774 

47 

076,87f 

67 

•   • 

"KrestJanin," 

II 

Ealmikove, 

13,257 

2 

26^514 

68 

•   • 

••  Kulibln," 

II 

II 

0,078 

6 

40,800 

60 

•   • 

"Tbwariatah," 

II 

Merkulieve, 

21,242 

8 

160,086 

22 

•    • 

"Merktupl," 

•  • 

1885 

Merkulieve  Bros., 

28,480 

45 

l,282,00d 

23 

•    • 

"Nijiii  Novgorod," 

•  • 

II 

Cny.  Caspi, 

16,560 

32 

406,206 

70 

•   • 

"Shlpka." 
••Rubicon," 

II 

Artemieve, 

17,431 

8 

130,448 

71 

•   • 

II 

0.  Asian, 

11,708 

1 

11,706 

72 

•   • 

"ThrceBrato," 

II 

Gubunin, 

8,047 

6 

40,286 

24 

•  • 

"Conatantln," 

•   • 

1886 

Tumaeve, 

20,668 

44 

000,802 

26 

•   • 

"Ott  India," 

■   • 

II 

Artemieve, 

30,060 

18 

610,48( 

73 

•   • 

"Acparl," 

II 

Achundove, 

0,500 

2 

10,106 

74 

•   ■ 

»» 

II 

G.  Babaieve, 

17,100 

4 

68,706 

76 

1                                 *   * 

••Alexander," 

II 

Lubaeve, 

10,355 

8 

81,066 

76 

1 

•    • 

••OeiilarAbad," 

II 

Artakiahieve, 

8,480 

3 

26^440 

77 

•    ■ 

••GuriPnmodobny," 

II 

Stepanove, 
Koleanikove, 

15,760 

3 

47,260 

78 

•   • 

••Dcriova,* 
••Medina," 
••Ruada,' 
••SachedZaigam," 

II 

16,437 

7 

116,060 

79 

•   • 

•1 

K.  Babaaheve, 

13,085 

6 

78,610 

80 

•   • 

II 

Dorofeieve, 

15,748 

4 

62,002 

81 

•   ■ 

II 

Bagirove, 

27,137 

6 

162,882 

26 

82 

•    • 

"Balro,"'* 

••Stambol," 

•  • 

II 
1887 

Ibragbnove, 
Sch.  Dadaaheve, 

11,120 
21,624 

6 
36 

66,774 
778,464 

27 

•    • 

"Mlnln," 

•   • 

II 

Somin, 

24,178 

43 

1,080,664 

28 

■    • 

"Serega," 

•   • 

II 

Tumaieve, 

21,582 

37 

706,634 

83 

•   • 

••Afganiatan," 
••All  Abad." 

II 

Lobove, 

8,173 

2 

16,346 

84 

•   • 

II 

I'seinove  A  Co., 

18,167 

6 

100,0^ 

86 

•   • 

•• 

II 

M.  Eulieve, 

15,560 

6 

08,863 

86 

•   • 

"  Af^r 

II 

Achund  A  Alck, 

12,187 

8 

87 

■    • 

••  Viera," 

II 

Kulikove, 

23,788 

0 

23;738 

88 

•   • 

••Cronstadt," 

II 

Dmitrieve, 

12,802 

6 

76,812 

80 

•    • 

"St.  Paul," 

II 

Semienove, 

18,520 

4 

74,080 

00 

•    • 

"Baa  Abad," 

II 

A.  G.  Medjie, 

6,132 

2 

10,267 

01 

■    • 

"Ruaa," 

II 

Solin, 

18,620 

6 

111,720 

92 

•    « 

"Samara," 
••  Sviatoelave, ' 

II 

G.  Dadasheve, 

14,888 

7 

100,716 

OS 

•    • 

II 

N.  Veaielove, 

8,872 

2 

17,744 

04 

•    • 

"  Telghun," 

II 

Djafarove, 

7,071 

3 

28,013 

05 

■  • 

••TeimurAbad," 

1   ,1 

Kireietf, 

16,544 

6 

00.264 

06 

•    • 

"  Vaeeinie," 

1      M 

Ashurove, 

23,337 

4 

03,048 

29 

•    • 

"AbbaMfa" 

•    • 

1888 

A.  I'seinove, 

21,857 

40 

874,280 

80 

•    • 

••Admiral,' 

•    • 

II 

A.  Dadasheve, 

23,364 

38 

1,887.832^ 

31 

•    • 

'•Anhak,'' 

•   • 

II 

Tumaeve, 

21,274 

45 

057.330 

864 
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Tank  St£AMKrs,  &c. — Continued, 


•Sd 

Number  of 
Sailing  Venelt. 

^§ 

mm 

u       1 

u 

82 

Namei  of 
Steamers. 

Names  of 
Sailing  Yesaels. 

1888 

Owners. 

0 

is: 

31,328 

s 

i 

> 

48 

orixMd 
daiinr 

18M. 
Cub.  Ft. 

•'  Michael  A  Sons," 

•    • 

Eastsheeve, 

1,508,744 

33 

•    • 

"Penlanln," 

•    • 

Dadasheve, 

21,822 

39 

851.058| 

1,227,402| 

34 

•    ■ 

••Pojarakl," 

•    • 

Peterin, 

37,194 

43 

35 

•    • 

••Kaphael," 
"S.  Shlbaeff," 

•    • 

Arafelove, 

24,171 

39 

942.609 

36 

•    ■ 

•    • 

Bichter, 

39,531 

48 

1,807,488 

97 

•   • 

•'  Abbaala," 

Ashurove, 

20,730 

11 

228,aMM 

98 

«    • 

"Aga," 

M.  A.  Zerbali, 

7,087 

2 

14,074 

09 

•    • 

*'AgaDada8heve," 

A.  Dadaaheve, 

24,265 

6 

145,500 

100 

•   • 

"America," 

Aleakerianz, 

14,485 

5 

72,425 

101 

•    • 

♦'Askarie," 
••Aaman,'' 

A.  Dadasheve, 

28,401 

6 

170,406 

102 

•   • 

A.  Dadasheve, 

22,287 

6 

133,722 

103 

•   • 

••West  India," 

Artemieve, 

48,626 

11 

634,886 

104 

•   • 

••  Vladimir," 

Varlamove, 

21,018 

6 

196,106 

105 

•   • 

••  Iskanderie," 

Ashurove, 

16,121 

6 

96.726 

106 

•   • 

_.    »»  . 

Shukiurove, 

26,180 

9 

236.620 

107 

•   • 

••Lbove," 

Lbove, 

21,712 

7 

151.984 

108 

m    • 

*•  London," 

Alieve  &  Eulieve, 

24,030 

7 

168,273 

109 

•    m 

"Meteor," 

SIcripenslcy, 

18,686 

8 

149,488 

110 

•    • 

"  Moaoou, " 

Tagieve<&Co., 
K.  Useinove, 

12,610 

7 

87,670 

111 

•     • 

"Orel," 

9,679 

4 

88,716 

112 

•     • 

"Raswiet," 

Beliamin, 

21,545 

8 

172,300 

113 

•    • 

"KasAbad," 

Zeinalove, 

19,494 

7 

196,458 

114 

•     • 

"Samara," 

Seniukove, 

20,644 

7 

144,606 

115 

•    • 

•Tragan," 

Djabrail,  G., 

11,098 

5 

65,400 

116 

•    • 

"  Usein  Abad," 

Fatalieve, 

11,473 

4 

45.802 

117 

•     • 

"  Usein  Abad," 

Tafleve, 

9,977 

2 

19,954 

118 

•    • 

••  Usuf  Abad," 

G.  Dadasheve, 

8,211 

5 

41,066 

119 

•     • 

••SamAga," 

S.  Dadasheve, 

15,642 

7 

100,404 

87 

"  Benardalcle," 

•    • 

1889 

Bouniatove, 

34,480 

48 

1.655.040 

88 

•♦Vladimir," 

•   • 

Sumarokove, 

37,403 

40 

1,406.130 

89 

"  Vadkinaki  Zavod," 

•   • 

GrubLsich, 

44,987 

49 

2.203.968 

40 

'•  lArar," 

•    • 

Tumaeve, 

21,700 

43 

983,100 

41 

"ElbruBB," 

•    • 

Caukas  A  Merkuri, 

25,185 

38 

957.030 

120 

•    • 

"Abbassia," 

Babasheve, 

19,422 

< 

108,054 

121 

■   • 

••  Aleksei," 

Kolesnikove, 

29,189 

0 

262,701 

122 

«   • 

••Candagar," 

Useinove, 

29,003 

6 

174.018 

123 

•    • 

••Trat," 

G.  Rachimove, 

20,980 

6 

125.880 

124 

•    • 

••Irad," 

Kulib  A  Becove, 

8,703     1 

8,708 

125 

•    « 

••Ispagan," 

Djafarove, 
Lbove, 

26,821 1    8 

214,568 

126 

•    • 

"Caucas," 

29,250     8 

234,000 

127 

•    ■ 

••Constantinopol," 

Dmltrieff, 

13,666     3 

40,008 

128 

•    • 

"Krestian," 

Kolinikove, 

20,945 

5 

104,725 

129 

•    • 

"Melikie," 

Ashurove, 

29.557 

6 

177,342 

130 

•    • 

••  Michael." 

Cheremin, 

13,625 

4 

54.500 

131 

•    ■ 

••Mustagin," 
••Samarkand,' 

A.  Dadasheve, 

17,204 

5 

86,020 

132 

•    • 

Abdulaeve, 

23,875 

7 

167.125 

133 

•    ■ 

••SamDadash," 

G.  Rsaieve, 

14,706 

5 

73,580 

134 

•    • 

•'Serega," 

Melikove, 

17,193 

5 

85.065 

135 

•    « 

"Daghestan," 

Rachimove, 

20,980 

6 

125.880 

136 

■   • 

"Three  SainU,' 

Sidorkin, 

25,023 

6 

150.188 

137 

m    9 

"  Useinie." 

Bachichonove, 

8,712 

3 

26,136 

188 

•     • 

••  Usuf  Abad," 

Achundove, 

24,569 

4 

08.276 

139 

m     • 

•'  DJaragim," 

A.  Oiilieve, 

10,436 

6 

08,616 

42 

"Awetik," 

•    • 

1890  Gukassove, 

41,670 

42 

1,745,040 

43 

"Aga  Dadashevc," 
"Wagaiii," 

•    • 

Aga  Dadasheve, 
Adamove, 

21,200 

48 

1,017,600 

44 

«    • 

37,360 

48 

1,703,280 

45 

'♦Waapurakan," 

•                             •    • 

Avetove, 

27,031 

42 

1.135,802 

40 

"VlcU.rHirdli," 

«    • 

;;   '  Hirsh. 

47,872 

46 

2.202,012 

47 

"  Caucaa, ' 

«    « 

Arafelove, 

41.370 

40 

1,664.800 

48 

"Kokkum," 

■    • 

Berne  &  Co., 

20,900 

45 

970.500 

49 

"Souleimanio," 

•    ■ 

Useinove, 

23,552 

44 

1,086.288 

50 

"Chamld," 

•    • 

Rasulove, 

22,390 

67 

1,&00,18Q 

140 

•    • 

••Alexander." 

Zavialove, 

33,273 

9 

200,457 

141 

•    • 

•'  Alex.  3Iacadon," 

Darofeeve, 

18,066 

8 

144,520 

142 

•    • 

"AUiAlMid," 

Bakarove, 

18,770 

8 

150,160 

143 

•   • 

"MamedAbad," 

Zeinalove, 

15,606 

7 
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Takk  Stxamibs,  iLC.'-CoiUinfied. 


^4 


51 
62 
63 
64 

66 
66 
67 


144 
146 
146 
147 


148 
149 
160 
161 
162 
163 
164 
166 
166 
167 
168 
160 
160 
161 
162 
163 
164 
166 
166 
167 
168 
160 
170 
171 
172 
178 
174 
176 
176 
177 
178 
179 
180 
181 
182 
183 
184 
186 
186 
187 
188 
180 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 


Names  of 
StMUiMn. 


"America," 

"AnunaiBS," 

"Conrad  Bansa," 

"TchemlOorod," 

"Caabeck," 

"Ifagomedie," 

"Undlna," 


Names  of 
Sailiog  VeMeli. 


li 


Maahala," 
BothscMld,' 


"RnasUKorable,' 
"Elbak," 


«« Alias," 

"GaahamShain/ 
"Oerrat," 
"AbaasAbad," 

"AbassAba," 
"AbaasOaa," 
"AJdar, 
"Alll." 


A 


"American 
"St.  Anna, 
"Armenian," 
"AssanAbad,' 

"Askarie," 
"AslcerAbad,' 
"Bagdad," 
"Bajirie,^' 

•> 

"Berl 
"BaslU," 
"Warobei," 
"OeoMe," 
"Oerold," 
"Oeid^e," 
"OeidarAbad," 
"Ooloub," 
"  Derbent," 
"Elisabeth," 
"Bfrat," 
>> 

"Zaifgan," 

"Imrat/' 

"Iskanderie," 

"Islambul," 

"John," 

"Kolomeitseir," 

"Constantin," 

"Koroff," 
"Krestianln," 
"Krestlanka," 
"  Kutuxoye," 
"Kianimie," 

"Laxar*'' 
"Lebed," 
"Leve,' 
"  Liubore," 


ii 


Mamed  Abad,' 


ti 


18901 

>> 
l&l 


>t 
>> 
t* 

it 
tt 
ti 


Owners. 


Bagiroye, 

Olitchln, 

Worobieve, 

Assadulaieve, 

Armenian  S.  S.  Ca, 

Zeweke, 

Mussa  Nasieye, 

Caukas  A  Mercnri, 

Babasheye  A  Z. 


O.  Tagieye, 

N.  Aleskeroye, 

Aleakeroye. 

Tagleve  A  Sons, 

Dadasheye, 

AUeff. 

Zainaioye, 


II 


Dadasheye, 
Ashomoye, 
Uselnove, 
Zelnaloye  Bros., 

Aleskeroye, 

A.  B.  Fatalief, 

Babaieye, 

Useinoye, 

Kusslss  A  Co., 

Z.  M.  Kull, 

Ashuroye, 

Skripkin  A  Vorobieye, 

Kerun  Assanoye, 

A.  M.  Alieye, 

Barak, 

Tagieye, 

Kireeff 

Bedkin, 

Pjaiwbaroye, 

Ashomoye, 

A.  K.  Badaloye, 

Dadasheye, 

Safaroya, 

Kolomeltseff, 

Kitsheef, 

■  • 

Merknlieye, 


Dorofeeye, 

Abdolaeye, 

Ashumoye, 

Alieye, 

Zaitseye, 

Abdulaeye, 

Warlamoye, 

Zeinaloye, 

Dadasheye, 
Mnstafleye, 


a 


17,999 
27,005 
87,006 
18,290 
38,448 
36,161 
50,601 
38,781 

22^620 

16,207 

14,170 

20,173 

8,016 

21,160 

26,620 

18,900 

21,562 

0,300 

0,800 

12,146 


18,886 
24,668 
17,100 
12,868 

16,621 
7,420 
17,100 
16,486 
16,412 
4,383 
16,571 
17,843 
24,277 
11,100 

20,000 
14,078 


14,106 
11,001 
10,801 

0,180 
16,807 

6,880 
10,666 

8,'i46 
10,061 


81,160 

12,010 

14,360 

3,685 

6,672 

0,840 

18,668 


14,878 
18,017 


Total 
of  Load 
during 

18M. 
Oab.Ft. 


6 

0 

7 

9 

48 

48 

89 

46 

88 

48 

82 

8 

4 

3 

6 

6 

7 

8 

7 

2 

8 

1 

3 

6 

7 

4 

4 

2 

6 

2 

4 

6 

6 

3 

3 

10 

10 

7 

1 

10 
6 
2 
2 
6 
6 
7 
1 
7 
2 
6 
6 
2 
0 
7 
1 
0 
7 
6 
2 
2 
4 
7 
1 
2 
1 
10 


107,004 
208,046 
260,662 
164,610 
1,846,604 
1,611,408 
1,078,490 
1,781,626 

686*760 

618,624 

118,860 

80,602 

24,048 

126,060 

153,120 

131,800 

172,406 

66,168 

10,600 

16,488 


60,480 

171,016 

68,400 

61,482 

82*,606 
14,848 
66,706 
08,010 
08,472 
18,140 
46,718 
178,480 
242,770 
77,700 

sdbiooo 

70,800 


86,170 
66,646 
76.607 
0.180 
114,770 
18,778 
68,006 

16^*202 
170,640 


270,860 
84,070 
86,100 
7.270 
18,144 
80,806 

120,006 


14,878 
180,710 
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i 

it 

s 

ToWl 

II 

Nnmberot 
StsuDcn. 

8Uli^.idl 

Qw™. 

5 

"« 

!« 

cil?n- 

~ 

"MargtUn,- 

ex 

"MKiDUdle," 

ii.ow 

m.'ks 

SOS 

"  Minerva," 

KnaiM.        ■ 

1S,»61 

flzlass 

■■MlnlQ," 

VtJ 

"MIctmel," 

8)3 

M 

"SS'Abri," 

rigieva, 

Ter  VenlleTH, 

lB:4flO 

ii 

Chod.™rdl«ve. 

w;iM 

!t3 

"MacUrAbad," 
■'N»dlejdm> 

Achnied  Giun, 
KullkOTe, 

28^+41 

IS.KO 

30,141) 

Mfl 

"MBdjirttiAlBd," 

IsiSM 

imIbts 

38,J13 

2S^»S4 

■•Bl,Mkholis" 

12,760 

418 

ZallMve.' ' 

o;-« 

ftoeo 

Kclnulon, 
G.  MaraeaoTB, 

i.^ 

i'oIms 

AlblUDUIC, 

ii.soa 

issleoo 

226 

"ksj:^'^" 

KsHT 

IS^SSO 
41US 

37i924 

JM 

'■Pojinfcy,- 

JSS» 

MT 

"PnraLivnl," 

Plphtto?*' 

El,67fl 

•■K«ehtaAh«i,- 

Bidlkor  *  Co., 

ISS 

'■E»Ab»d," 

Ogly, 

ao 

::SSS,._ 

s-sst. 

».4es 

a^sS 

232 

34.298 

ass 

Aihnron, ' 

?;4M 

«|*as 

■■SuoDndidh" 

B.b«.hBTO, 

13,S4B 

E3.302 

Ea 

::sa:- 

□.  Elm  Ogii, 

18,716 

».r7o 

lOO.SM 

231 

••aiaUitm:' 

n.Ka 

ae^4w 

t3S 

83,223 

SBS,Ml 

«0 

"'sxr'-" 

Vorobloff, 

]S,956 

niso 

■'Sophl*," 

KmOro™;' 

MS 

JacnboTB, 

ib-m 

IS'.OM 

IM 

"HalJliebZoigBiii," 

B^lmve. 

a.iii 

wfellffl 

■'aiunhol,' 

11,189 

B0,TT4 

ue 

M^I^™" 

2i7 

^MO 

ue 

118.0BS 

2U 

||Nort!iBMt," 

lfi!44» 

ia.&i 

Kbt  Jk  PopoVB. 

23,473 

234.7B0 

"TiMipOTt," 

EalMnlkoO, 

lS,Mi9 

11»,9I3 

tl» 

"ThTMBraU," 

aubJnln, 

8,047 

4U.Z3S 

8,077 

32,3(8 

U4 

Boklchaiiove, 

4,183 

its 

"Pwlnle,"     " 

OiuolDQVe, 

^?!l 

EH 

8^712 

18^508 

14h:om 

£SS 

"Theodor," 

BajBOOve. 

1B,688 

93,518 

£M 

■.SSX^- 

At«inla«™, 

15,148 

OU.&M 

961 

"BhlchlDSh^,-' 

MS 

;;w™,;' 

Aehimdo™, 

lV,80S 

ii'oiai4 

^08 

"BoutllVett." 

OuJlere, 

a,«e7 

SH 

GmnU  total. 

10,030 

1 

l^Sil) 

S.4a9,E16 

TANK  SHIPS. 
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Tears  of 
GonstrncUoD. 

Nnmberof 
Steamen. 

CaMdtyofthe 

Steamen  in 

cubic  feet 

1  Number 

of  Sailing 

YeBtela. 

Oapadtyofthe 

Sailing  veeeels 

In  cubic  feet 

Total  Capacity 

of  t^teamen  and 

Sailing  Yeasels 

in  cubic  feet. 

1877,      .        . 

•  • 

•  • 

2 

19,706 

19,706 

1878,      . 

1 

16,610 

16 

170,677 

186,187 

1879,      . 

1 

22,060 

13 

186,613 

167,668 

1880,      . 

2 

68,886 

2 

18,383 

77,268 

1881,      . 

6 

147,484 

12 

177,358 

824,842 

1882,      . 

6 

182,616 

18 

872,188 

464,804 

1888,      . 

4 

106,182 

4 

169,378 

166,660 

1884,      . 

2 

40,620 

8 

44,477 

84,997 

1886,      . 

2 

44,068 

8 

87,276 

81,834 

1886^ 

2 

60,628 

10 

144,969 

206,667 

1887, 

8 

67,884 

14 

203,961 

271,346 

1888, 

8 

220.461 

23 

433,894 

664,436 

1889,      . 

6 

168,766 

20 

406,996 

669,760 

1890,      . 

9 

288,246 

8 

186,604 

469,849 

1891, 

4 

162,981 

3 

81,186 

244,117 

■  ■ 

2 

88,827 

90 

1,868,667 

1,902,494 

66 
1 

1,614,668 

■  • 

240 
24 

8,866,168 

■  • 

6,469,817 

•  • 

67 

1,614,668 

264 

8,866,163 

6,460,817 
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IMPOBT   DUTIES  LEVIED   ON  PETBOIiEITM. 

Australasia. 

New  South  Wales  (1892). 

Naphtha  and  gasoline, 6d.  per  gallon. 

Other  oils, 6d.  „ 

Queen^cmd, 

Axle  and  lubricating  grease, 6b.  per  cwt. 

Asphalt, 15percent.  ad  vo/orem. 

Kerosene  and  mineral  oils  generally,         ....  6a.  per  gallon. 

Sotah  Australia  (1887). 

Kerosene, ..........  3d. 

Naphtha,  oils,  turpentine,  and  varnish 6d. 


99 
tf 


rtcloria  (1890). 

Oils  in  bulk  (except  refined  mineral  oils  flashing  below 
80**  F.,  kerosene,  and  lubricating  oils  chiefly  composed 
of  mineral  oil,  which  are  admitted  free),     .        .        .    (kl. 

Note. — The  Board  appointed  to  consider  the  question 
of  a  modification  of  the  existinff  tariff,  has  reported 
during  the  current  year  (1895)  in  favour  of  reducing  the 
above  duty  to  3d.  per  gallon. 

West  Australia  (1888). 
Mineral  oils  and  turpentine, 6d. 

Tasmania  (1875). 
Kerosene  and  gasoline, 6d. 

New  Zealand, 
Mineral  oils, (>d. 

Austria. 

Per  100  kilos. 

*^"lL°"„"r'^'i„hrio^f?„t  I SP-  Rr.  above  0830  at  IT B.    2  florins. 

Crude  oil  fit  for  lightinjg,  &c.,  without  fui-ther  refining 
(including  consumption  duty), 10 

Refined  or  semi-refined.  Dark  oils  above  0*880  sp.  gr., 
and  residues, 3 

Yellow  and  reddish-yellow  oib  above  0*880  sp.  gr.,  in- 
cluding lubricating  oils  and  mixtures  with  animal  or 
vegetaole  fats  or  oib, 5 

Light  oils  of  0*880  sp.  cr.  or  less, 10 

Kefined  oils  of  sp.  gr.  below  0*770,  for  industrial  purposes 
other  than  lubricating  or  Ughting,  and  under  special 


»» 


>f 


If 


conditions, 3 


>f 


IMPORT  DUTIES  LEVIED  ON  PETROLEUM.  869 

Barbados  (1891). 
Petroleum  and  its  products,  crude  and  refined,         .        .lid.  per  gallon. 

Belgium. 
Mineral  oils  are  admitted  free. 

Bbitish  Burma— see  India. 

British  Guiana. 

The  Customs  Act  of  1865  imposed  a  duty  on  oils  giving 

ofi' an  inflammable  vapour  below  130''F.  of         .        .    $3  per  gallon. 

Note, — The  Governor  in  an  ordinance,  dated  December, 
1881,  authorised  the  admission  of  oils  testing  110°  F.,  at 
15  cents  per  gallon,  in  cash,  and  285  cents  by  note ;  the 
latter  to  be  only  collected  in  the  event  of  the  Combined 
Court  refusing  to  refund  such  amount  of  duty. 

Present  duty  (1892) — Standard  test  oil,      .        .        .        .18^  cents  per  galloxL 
Gasoline  (only  admitted  under  special  x>ermit),  .        .25        „  „ 

All  other  low-test  oils, $3  ,, 

Except  those  from  the  United  StcUes,  which,  by  treaty 

arrangement,  pay  only $2*25  , , 

Canada  (1894). 

Illuminating  oils,  composed  wholly  or  in  part  of  the  pro- 
ducts of  petroleum,  coal,  shale,  ana  lignite,  costing 
more  than  30  cents  per  gallon,    .        .        .        .        .25  per  cent,  ad  valorem^ 

Oib  (coal)  and  kerosene,  distilled,  purified,  or  refined ; 
naphtha  and  petroleum  not  elsewhere  specified ;  pro- 
ducts of  petroleum  not  elsewhere  specified,        .        .     7i  cents  per  imp.  gall. 

Lubricating  oils,  composed  wholly  or  in  part  of  petroleum 

and  costing  less  toan  25  cents  per  imperial  gallon,     .     6  cents  „ 

Crude  petroleum,  fuel  and  gas  oil  for  fuel  purposes,  and 

for  the  manufacture  of  gas, 3y\  cents         ,, 

Lubricating  oils,  not  elsewhere  specified,  and  axle  grease,  25  per  cent,  ad  valorem^ 

Barrels  containing  ])etroleum  or  its  products,  or  any  mix- 
ture of  which  petroleum  forms  a  part,  when  such 
contents  are  chargeable  with  a  specific  duty,      .        .    20  cents  each. 

Paraffin  wax, 2  cents  per  lb. 

Paraffin  wax  candles, 4      „         ,, 

Vaseline  and  all  similar  preparations  of  petroleum  for 

toilet,  medicinal,  or  other  purposes,  .        .        .        .35  per  cent,  ad  valorem^ 

Cape  Colony  (1889). 

Paraffin  and  raw  and  boiled  linseed  oils,   .        .        .        .3d.  per  gallon. 
All  other  descriptions  of  oil  (except  chemical,  essential, 

or  pei-fumed), Is.        „ 

CuiLi. 
The  duty  on  kerosene  is  equivalent  to  about     .        .        .3s.  2d.  per  case. 

China. 

At  Shanghai,  the  import  duty  is 5  per  cent,  ad  valorim. 

and  the  same  rate  is  believed  to  be  in  force  at  other 
ports. 
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ClTBIu 

Crude  oil, H  cents  gold  p«r  gilL 

Refined  oil, 29^  „       „         »• 

In  addition,  there  is  an  internal  revenue  tax  of  1^ 

cents  per  gallon  on  refined  oil,  whether  produced  in 

the  country  or  imported. 

Denmabk. 
2  ore  per  pnnd. 
(The  ore  =  A  of  a  penny.    The  pund  »  I'l  lbs.  avoirdnpoli,) 

France. 

General  Tariff  Minimntw  TtaiS 

per  100  kilcM.  per  100  klloe. 

Bitumen, Free.  Free, 

Crude  ozokerite, 12  francs,  10  fomcs. 

Refined     , fiO     „  ^0      ,, 

Crude  petroleum  and  mineral  burning  oils,       .  18     „ 
Refined        „            „             ,,           ,,  and  essences,  25     „ 

Heavy  oils  and  residues, 12     „  12      ,, 

Paraffin, 35     „  90      », 

Vaseline 32     „  28      ,» 

Gbrmavt. 

Mineral  oil  for  industrial  purposes  or  refining,  but  not  for 

the  manufacture  of  lighting  or  lubricating  oil,   .        .  Free. 

Mineral  lubricating  oils, 10  marks  per  100  kiloe. 

All  other  kinds, 0       •>  t* 

Gbkboi. 

The  import  of  petroleum  oil  is  prohibited,  the  sale  being 

a  Government  monopoly. 
All  other  mineral  oils  pay  duty  equal  to  about .        .        .    16b.  Od.  per  owt. 

HOLLAIO). 

55  cents  (Dutch)  per  100  kilos. 

HONO  KONO. 

Mineral  oils  are  admitted  free. 

India. 

Petroleum,  including  also  naphtha  and  the  liquids  com- 
monly known  by  the  names  of  rock  oil,  Rangoon  oil, 
Burma  oil,  kerosene,  paraffin  oil,  mineral  ou,  petro- 
leine,  gasoline,  benzol,  benzoline,  benzine,  and  any 
inflammable  liquid  which  is  made  from  petroleum, 
coal,  schist,  shale,  peat,  or  any  other  bituminous  sub- 
stance, or  from  any  products  of  petroleum,  .     1  anna  per  imp.  galL 

Petroleum  which  has  its  flashing  point  at  or  above  200°  of 
Fahrenheit's  thermometer,  and  is  proved  to  the  satis- 
fJEiction  of  the  collector  of  Customs  to  be  intended  for 
use  exclusively  for  the  batching  of  jute  or  other  fibre, 
or  for  lubricating  purposes, 5  per  cent,  cui  vtilortnu 
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iTAUr. 

Heavy  oils  imported  in  bulk, 9*60  lire  per  100  kilos. 

Other  oils  imported  in  demijohns  and  similar  Teasels,        .  51         ,,  „ 

„  „  other  receptacles,  .        ...  48         „  „ 

Jamaica. 
Petroleum  and  its  products,  crude  or  refined,   .        .        .    9d.  per  imp.  gallon. 

Japan. 

The  duty  is 5  per  cent  ad  vahrem, 

on  the  f.o.b.  cost,  the  value  of  the  package  being  also 
included  in  the  estimate. 

Malta. 
Mineral  oils  are  admitted  free. 

Natal. 
Refined  oil, 6d.  per  imp.  gallon. 

Newfoundland. 

Refined  oil,        .        .        .       ' 5  cents  per  gallon. 

Note, — In  1892,  an  additional  duty  of  5  cents  per  sallon 
became  leviable  on  kerosene  from  all  countries  allowed 
to  fish  for  cod  on  the  Newfoundland  coast,  in  case 
they  or  their  dependencies  shall  levy  any  duty  on  the 
fish  or  the  produce  of  the  fisheries  from  Newfound- 
land or  its  dependencies. 

New  Zealand — see  Australasia. 

Norway. 
Mineral  oils  are  admitted  free. 

Peru. 
Kerosene, 2]  soles  (or  dollars)  per  case. 

Portugal. 

Light  illuminating  oils, 67  reis  per  kilo. 

Intermediate  oils,  sp.  gr.  between  0*820  and  0*860,  .    60    „         „ 
Heavy  oils  for  lubricating,         .        . ,       .        .        .      2    „         „ 

.   ROUMANIA. 

Crude  oil, 20  francs  per  100  kilos. 

Refined  oil, 16     it  ft 

Russia. 

Refined  oil, 1  rouble  per  pood. 

Crude  oil, 20  kopecks      „ 
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Spain. 


Muximnm  Minimum 

Tariff  Tariff 


per  100  Ulot.         per  100  kilos. 

Pitch,  tar,  asphalt,  bitumen,  and  shale  ( j^ross  weight),    0  -60  peseta.        0  *40  peseta. 

Oleonaphtha,  vaseline,  natoral  crude  petroleum,  and 

crude  oils  from  shale, 25         „  25 

Petroleum,  crude  and  refined,  pays  an  additional 

duty 0-60    „  0-50 

Benzine,  (gasoline,  petroleum,  and  other  refined  min- 
eral oils,      40         „  40  ,, 

N,B. — Duty  is  levied  on  the  nett  weight  of  petro- 
leum, but  on  the  sross  weight  of  the  other  sub- 
stances mentionecL^ 

Paraffin,  stearine,  animal  fats,  and  sperm,         .        .24         ,,  20 
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Crude  shale  oil  is  described  as  the  oil  from  the  first  distillation  of  shale,  recog- 
nisable by  its  yellowish  colour  and  specific  gravity  (0*900  to  0'920)  or  measurinff 
66  per  cent,  to  574  P®''  <>®i^^*  ^y  the  centesimal  areometer  (=  24*69*'  to  21*4? 
Cartier). 

Natural  crude  petroleum  is  stated  to  be,  either  such  as  when  distilled  at  300*"  G. 
in  a  glass  vessel,  leaves  a  residue  exceeding  20  per  cent.,  which  residue  in  torn 
yields  at  least  1  per  cent,  of  coke  (both  calculated  on  the  original  weight  of  oil), 
or  such  oils  as  flash  below  16°C.  in  the  Granier  cup.  All  other  mineral  oils  are 
classed  as  refined. 

Stbaits  Settlements. 
Mineral  oils  are  admitted  free. 

Sweden. 
Mineral  oils  are  admitted  free. 

SWITZERLAI^D. 

Uniform  duty  of  1'25  francs  per  100  kilos. 

Tasmania— see  Australasia. 

Turkey. 
80  per  cent,  ad  valorem. 

United  States. 

**  Petroleum,  crude  or  refined, Free. 

Provided  that,  if  there  be  imported  into  the  United 
States  crude  petroleum  or  the  products  of  crude 
petroleum  produced  in  any  country  which  imposes 
a  duty  on  petroleum  or  its  products  exported  from 
the  United  States,  there  shall  be  levied,  paid  and 
collected,  upon  said  crude  petroleum  or  its  pro- 
ducts so  imported,  40  per  centum  ad  valorem  ..." 

^  The  package  pays  duty  separately,  aooording  to  its  classification— barrels,  13  and  10  pesetas  * 
tins.  60  and  50  pesetas ;  and  cases,  81*20  and  24  pesetas,  maximum  and  minimum  rates  respec* 
tively  per  100  kilos. 
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ADDENDA. 

Historical.— In  the  Oil,  Paint,  and  Drug  Reporter  (New  York),  of  22nd  July, 
1895,  Mr.  A.  C.  Ferrifl  points  out  that,  whereas  the  official  statistics  of  the  pro- 
duction of  petroleum  in  the  United  States  begin  with  the  year  1859,  there  was  a 
considerable  amount  of  business  transacted  in  petroleum  for  use  as  an  illuminant 
during  the  two  previous  years. 

Production. — In  the  American  Manufacturer  of  3rd  May,  1895,  Mr.  Weeks 
describne-s  a  new  single-eccentric  drilling  engine,  manufactured  by  the  Oil  Well 
Supply  Company,  under  the  Woolf  patents  of  30th  July,  1889,  and  January  13th, 
1891,  which  IS  claimed  to  possess  unusual  simplicity,  economy,  and  effectiveness. 
This  engine  having  only  one  eccentric  and  rod,  there  is  no  link  to  get  out  of  order. 
The  single  eccentric  is  rigidly  secured  to  the  shaft,  and  the  eccentric  strap  has  an 
upward  arm,  on  the  end  of  which  is  pivoted  a  roller  which  travels  in  a  guide 
joumaled  in  a  bracket  on  the  engine  frame.  The  eccentric  has  its  centre  opposite 
the  crank  pin,  and  when  the  engine  is  on  either  dead  centre,  the  roller  stands 
exactly  over  the  centre  of  the  zuide.  The  correct  position  for  the  eccentric  is 
thus  easily  determined,  and  the  length  of  the  eccentric-rod  is  then  adjusted  so  as 
to  give  equal  **  lead  "  at  both  ends  of  the  valve.  The  valve  is  thus  set,  and 
re<][uires  no  further  adjustment.  The  direction  of  the  motion  is  regulated  by  the 
^ide  which  moves  the  eccentric  strap.  By  the  lever  attached  to  the  guide,  its 
inclination  can  be  changed,  either  to  vary  the  travel  of  the  valve,  and  thus- 
regulate  the  point  of  '*  cut-off,"  or  to  reverse  the  engine. 

These  ens^ines  have  been  tested  in  actual  work  at  oil  wells,  and  are  stated  U> 
have  afforded  very  satisfactory  results. 

Rcflnillfir. — Among  the  most  notable  recent  achievements,  has  been  the  solution 
of  the  problem  of  refining  Lima  (Ohio)  petroleum.  It  is  well  known  that  much  of 
the  oil  foimd  in  Ohio  and  Indiana  contains  a  considerable  percentage  of  sulphur 
compounds,  and  the  earlier  attempts  to  eliminate  these  impurities  were  attended 
with  so  little  success  that,  under  the  rules  of  the  New  York  Produce  Exchange, 
*' refined  petroleum  made  from  the  crude  oil  of  the  district  known  as  Lima,  or 
oil  made  from  crude  oil  of  similar  quality,*'  could  not,  until  quite  lately,  be 
delivered  on  contracts.  The  refining  of  Lima  oil  is  now,  however,  so  success- 
fully conducted,  that  there  is  no  longer  considered  to  be  any  practical  differ- 
ence between  the  ])roduct  and  that  obtained  from  Pennsylvania  oil.  The  rules 
of  the  New  York  Produce  Exchange  have  accordingly  been  so  amended  as  to 
admit  of  refined  oil  from  Lima  petroleum  being  delivered  on  contracts.  In  proof 
of  the  estimation  in  which  this  product  is  held,  it  mav  be  mentioned  that  at 
least  60  lyev  cent,  of  the  kerosene  consumed  in  the  United  States  during  the  year 
1894,  was  manufactured  from  Lima  oil,  and  it  is  anticipated  that  the  proportion 
will  be  still  larger  for  the  current  year.  It  is  interesting  to  learn  that  concur- 
rently with  the  improvements  which  have  been  effected  in  the  purification  of  the 
oil,  there  has  been  a  steadily  progressive  increase  in  the  proportion  of  kerosene 
obtained  from  the  crude  oil.  Apart,  therefore,  from  the  greater  cost  necessarily 
attending  the  refining  of  Lima  oil,  which  causes  this  description  of  crude  oil  to 
have  a  lower  commercial  value,  the  difficulties  which  have  hitherto  attended  the 
utilisation  of  the  produce  of  the  Ohio  and  Indiana  oil  fields,  as  a  source  of  ilium - 
inatiDg  oil,  may  be  considered  to  have  been  completely  overcome,  and  in  view  of 
the  highly  productive  character  of  these  territories,  it  may  fairly  be  said  that  no 
other  advance  in  the  chemical  technology  of  petroleum  has  been  of  similar  indus- 
trial importance. 

TPansport. — The  new  tank  barges  employed  by  the  Standard  Oil  Company  in 
the  shipment  of  crude  oil  from  Whiting,  Ind.,  are  described  in  the  American 
Manufacturer  of  2nd  Ausust,  1895,  as  steel  schooners,  with  three  masts,  carry- 
ing a  good  spread  of  sail.  They  are  170  feet  long,  33  feet  beam,  and  17  feet 
deep,  and  they  carry  8,000  barreU  of  oil  in  the  eight  compartments,  four  on  each 
side,  into  which  the  vessels  are  divided.  The  masts  are  hollow,  and  the  foremast 
is  utilised  as  a  smoke  stack.  The  boiler  supplies  steam  for  cargo  pumps,  capstan^ 
windlasses,  and  electric  light. 
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The  impossibility  of  providing  a  complete  detailed  index  to  this  work  within 
reasonable  limits  has  necessitated  the  abbreviation  of  most  of  the  references,  and 
the  exclusion  of  some,  although  such  omissions  have  been  avoided  as  far  as 
possible.  In  the  case,  for  instance,  of  several  of  the  oil  fields,  the  reference  has 
been  shortened  to  the  name,  followed  by  a  comma,  and  the  word  oil.  Thus,  such 
an  entry  as: — ''Bem^,  oil,^  relates  not  only  to  the  oil  itself,  but  also  to  ita 
occurrence,  the  geology  of  the  district,  and  the  development  of  the  oil  field. 
The  principal  headings,  such  as  Petroleum,  Production,  Statistics,  and  the 
names  of  toe  more  important  oil  fields,  have  been  but  little  amplified,  as  the 
various  sub -divisions  will  be  found  indexed  under  their  respective  headines. 
The  Table  of  Contents,  which  fully  indicates  the  scope  and  arrangement  of  toe 
work,  will  furnish  considerable  assistance  to  the  searcher. 


Abel  on  lamp  accidents,  678-681;  on 
testing,  554-555. 

Abel  tester,  556-565;  comparative  re- 
sults, 591. 

Abel-Pensky  tester,  565-573. 

Acetic  acid  from  li|;nite,'  450. 

Acetylene,  calorihc  power,  227 ;  ex- 
plosion temperature,  515;  Formation 
of,  230. 

Acetylene  series  in  oil,  210. 

Aoetylides  in  the  formation  of  oil,  229. 

Adams  County,  oil,  72. 

"Adams"  gas  well,  276. 

Ain  Zeft,  oU,  162,  182. 

Air-gas,  see  Gaa,  Air, 

AlalMima,  oil  and  gas,  81. 

Alaska,  oil,  47. 

Albania,  oil  and  asphalt,  48,  160. 

Albertite,  87. 

Albrecht,  condenser,  325;  viscometer, 
603. 

Alcohol,  use  of  petroleum  in  purifying, 
663. 

Aleppo,  oil,  164. 

Alexandretta,  Reported  boring  near,  164. 

Alexeieff,  distilling  apparatus,  373-375. 

Algeria,  oil,  48,  161,  162,  182,  183,  195, 
^,206. 

Aliphatic  hvdrocarbons,  464. 

Alkaloidal  bases  in  oil,  204. 

Allegany  County,  gas,  67,  276. 

Allegheny,  gas,  2!25 ;  oil,  65. 


Allegheny  series  (coal),  53. 

Allen  County,  oil,  69,  70. 

•*Allen"  oil  well,  22. 

Allen  on  testing,  534,  646. 

Alligator  grab,  260. 

Allison,  paraffin  refining,  444. 

Alsace,  characteristics  of  oil,  182,  184, 

190,    191,    192,    195;   composition  of 

oU,    204,    206;    drilling,    307,    309; 

occurrence  of  oil,  48,  1^  155;  origiii 

of  oU,  231. 
Altkirch  oil  field,  154. 
Alumina  in  oil,  206. 
America,  minor  fields,  168-171 ;  North, 

occurrence,  48-92. 
American  system  of  drilling,  250-277» 

307,  309. 
Ames  limestone,  52. 
Ammonia,    from    bitumen,    170;    from 

brown  coal,  457;  from  lignite,  450; 

from   shale,  407,  414,  415,  418,  421, 

423,  424,  425,  449,  465,  466 ;  in  gas, 

224,225;  in  oU,  205. 
Ammonia  stills,  425,  426. 
Amvlene  in  oil,  210. 
Anderson,  pitch  lake,  Trinidad,  7. 
Angell,  oil  oelt  theory,  47. 
Anthracene,  from  coal  tar,  234;  from  oil, 

212,  213,  350,  663. 
Anticlinal  structure  of  oil  and  gas  fields, 

44,  45,  46,  93,  104,  108,  116,  164,  277; 

Apsheron   peninsula,   93;  Bukowina, 

46;   Carpathian,   46;   Caucasus,   46; 

Cincinnati,    73;    Deschambanlt,  87; 


876 


INDEX. 


Braffanoasa,  116;  Findlay,  73;  Goaria, 
98;  Hernia,  110;  India,  46;  Indiana, 
73,  150,  151;  Japan,  46;  Kh&tan, 
131,-132;  Lima,  73,  74;  Minbain. 
119;  Quebec,  84;  Boumania,  46; 
Sandusky,  70;  Tar  Island,  87;  Telega, 
116;  Transcaspian  region,  46;  Tur- 
kestan, 46;  Yenangyaung,  125;  Ye- 
nangyat,  126. 

Antieua,  legislation,  760. 

Appalachian  oil  field,  49,  50. 

Appolonia,  oil,  168. 

Apsheron  formation,  93. 

Apsheron  peninsula,  anticlinals,  93; 
characteristics  of  oil,  196,  197;  gas, 
9295,  103,  226;  geology,  92-95;  mud 
volcanoes,  40,  93;  occurrence  of  oil, 
92-95,  103 ;  production  of  oil,  95. 

Aralo-Caspian  formation,  93. 

Aralo- Carpathian  formation.  Ozokerite 
in,  41. 

''Ararat"  oil  well,  39. 

Ard^che  shale  oil,  190. 

Argentina,  oil,  171,  U9,  194. 

Aripero,  oil,  182. 

Arizona,  ozokerite,  41. 

Arkansas,  gas,  52. 

Armstrong  County,  oil,  55,  64,  65. 

Amaboldi's  tester,  551,  591. 

Aromatic  compounds  from  oil,  .'^0. 

Arrak&n  Islands,  oil,  29,  117,  181. 

Arsenic  in  oil  and  bitumen,  206;  in 
shale,  458. 

Arvine's  viscometer,  618. 

Ash  from  oil,  206,  368,  542,  648,  649. 

Asphalt  and  asphalt-rock,  ash,  218,  219; 
characteristics,  218-22*2,  058;  com- 
position, 147,  204,  206,  218-222;  effect 
of  asphalt  en  fluidity  of  oil,  188; 
hydrogen  in,  219 ;  melting  point, 
218,  219,  221  ;  Nitrogen  in,  204,  205, 
219 ;  Oxygen  in,  219 ;  Sulphur  in, 
218-221 ;  in  Hermudez,  169;  California, 

-.78;  Germany,  42,  159,  212,  220-222; 
Gouria,  98;  limestone,  160,  176,  206, 
222,  232 ;  Miocene  formation,  146 ; 
minor  deposits,  42,  77,  130,  133,  143, 
144,  160,  168,  169,  170,  171,  206,  220, 
221;  Rhaetic  formation.  171 ;  Trinidad, 
146,  218,  219,  222;  Utah,  80,  217; 
Venezuela,  169,  219,  232. 

Asphalt  from  brown-coal  tar,  455,  456, 
457. 

Asphalt  mastic,  222. 

Asphalt,  testing,  532,  658-660. 

Asphaltene,  219. 

Assam,  oil,  126, 181, 195,  200,  214,  215 ; 
ozokerite,  128. 

Astatki,  see  Residuum. 

Athabasca,  gas,  89;  oil,  23,  87,  91. 


Anger  and  auger  stem,  252,  254,  278, 
280,  286. 

Auglaize  County,  Oil  in,  69,  70. 

Australia,  bitumen,  217 ;  legislatiim, 
760-764;  oil  and  gas,  171. 

Austria-Hungary,  brown  coal,  453-458; 
characteristics  of  oil,  181,  190,  191, 
192;  composition  of  oil,  190;  geology, 
107,  193,  194;  legislation,  764;  occur- 
rence  of  oil  and  ozokerite,  41,  48, 
104-113,  117;  refining  oil,  386-396; 
tariff  regulations,  386,  868 ;  yield  of 
distillates  from  oil,  191-195. 

Autun  shale  industry,  411-413,  448- 
450. 

Avonmouth,  storage  and  regulationB, 
520,  759. 

Axim,  oil,  182,  195. 

B 

Kadek  (Pa.),  gas,  225,  227. 

Bahia,  Bitumen  in,  169. 

Baicoiu,  oil,  116. 

Bailer,  see  Saitd  pump. 

Bailey's  friction  tester,  630. 

Bairdstone,  Gas  well  near,  276. 

Baku,   characteristics  of  oil,    1S3,   184, 
189,  192,  209 ;  chemical  composition 
of  oil,  204,  205,  206,  210,  213 ;    gas, 
103,223;  geology,  44,  93,   103,  104; 
historical,   3 ;    mud    volcanoes,     104, 
120;  occurrence,  3-5,  39,  47,   92-95; 
paraffin,   192;    pipe   lines,    483;    re- 
fining,     365-385;      salt     beds,     40; 
statistics,     24,     839-844;     tests     for 
kerosene,  541,  542;  wells,  dimensions, 
duration,  and  yield,  284,   287,    288; 
yield  on  distillation  of  oil,  191,  192, 
385. 

Balakhani  and  Balakhani-Sabonntchi, 
characteristics  of  oil,  180,  190,  191, 
194,  196,  197,  305;  chemical  com- 
position, 190 ;  occurrence  of  oil,  39, 
92,  93,  95;  yield  on  distillation,  191, 
194,  196,  197,  365. 

Baluchistan,  legislation,  see  India; 
Oil  in,  130-133,  181. 

Bar&Dga,  oil  and  gas,  117,  119,  181. 

Barbados,  legislation,  706 ;  occurrence, 
&c.,  of  oil  and  tar,  145,  146,  182,  195- 

**  Barbados  tar,"  7. 

Barbet's  viscometer,  618. 

Barraclough  and  Beaton's  barrels,  528. 

Barrels,  Automatic  tilling  cock  for,  526, 
528 ;  cleaning,  repairing,  and  filling, 
524-527;  lining  with  glue,  481,  526; 
manufacture  and  use,  480-482;  metal, 
528 ;  transport  in,  467,  480,  482,  489, 
520. 
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Barren  CoiiDty,  oil,  77. 

Barrow,  storage,  520. 

Basaltic  dykes,  Bitumen  and  oil  in,  159. 

Basic  oils  in  bitumen,  204. 

Bathgate  retort,  418. 

Batoum,  Oil  region  near,  95,  97 ;  Storage 
at,  489. 

Bavarian  brown  coal,  453,  456-458. 

Bavarian  oil,  8,  154,  192. 

Beaver  County,  oil,  53,  54,  55,  64. 

Bedford  shale,  58,  60. 

Beilby's  paraffin  refrigerator,  439-442. 

Beilstein  s  flash-point  tester,  585,  586. 

Belden  oil  fields,  69. 

Belgium,  legislation,  766,  777;  storage 
and  transport  of  oil,  520. 

Bell  on  tar  sands,  89. 

"Belle  Vernon "  gas  well,  67. 

Belmont  County,  oil,  69. 

Belowesa  Schiefem  (shale),  107. 

Bem^,  oil,  120,  121,  124,  125,  126. 

Benegadi,  oil,  95,  198. 

Benton's  distilling  apparatus,  320. 

Benzene  in,  coal  tar,  234;  lignite  tar 
oils,  464 ;  oil,  209,  210,  350. 

Benzine,  characteristics  and  uses,  203, 
353,  354,  384,  455;  jrield  from,  brown- 
coal  tar,  455 ;  oil,  200,  201,  387. 

Berea  grit,  37,  54,  58 ;  Gas  in,  52,  67, 
71  ;  Oil  in,  70. 

Berea  shale,  37,  58. 

Bermuda,  legislation,  767. 

Bermudez,  Asphalt  lake  in,  169. 

Bernalillo  County,  Gas  in,  80. 

Bernstein's  tester,  584,  591. 

Berthelot's  theory  of  origin,  229. 

Bertie  County,  gas,  63,  83. 

••Betton's  British  oU,"  9. 

Bexar  County,  Oil  and  gas  in,  80. 

Bibi-Eibat,  characteristics  of  oil,  191, 
198,  365 ;  chemical  composition  of  oil, 
205;  occurrence  of  oil,  26,  39,  95; 
Yield  on  distillation,  191,  198,  365. 

Biblical  references,  2. 

Big  Injun  sand,  54,  70. 

Binney  on  origin,  236. 

Birdseye  limestone,  63 ;  Oil  in,  232. 

Birkenhead,  storage,  520. 

Bit,  Drilling,  244,  245,  246,  252,  254, 
280,  282,  236,  297. 

Bitumen,  Arsenic  in,  20G ;  character- 
istics, 659 ;  composition,  204,  206, 
2.32;  Effect  of  oxidation  on,  232; 
elastic,  217;  Fossils  in,  146,  232; 
minor  deposito,  80,  89,  90,  133,  161, 
164,  165,  169,  170,  217,  222;  quaUties 
desirable  for  asphalt  paving,  222. 
See  also  A  sphalL 
Bitumen  in,  asplialt  and  asphalt-rock, 
79,  218-222 ;  Bermudez,  169 ;  Gneiss 


schist,  160 ;  limestone,  176,  206,  222, 
232 ;  mica  schist,  160 ;  sands  and 
sandstone,  232  ;  shales,  168,  229,  232  ; 
Trinidad,  146. 

Bituminous  sands,  159 ;  shale,  108 ; 
slates,  171. 

*'  Black  and  Matthewson "  oil  well, 
22. 

Blackford  County,  oil,  72. 

Black  Mountain,  oil,  96. 

"  Black  sand,"  Oil  in,  80. 

"Black  sands,"  Pennsylvania,  66. 

Blue-grass  beds,  63. 

"Blue  oil,"  Carburetting  with,  703. 

Bobrka,  oil,  28,  105,  111,  302. 

Boffhead  coal.  Oil  from,  405;  Paraffin 
trom,  215,  216;  Yield  of  oil  from, 
418. 

Bo^-Promisel,  oil,  95. 

Bouer  Rapid,  dip  of  shale  strata,  91 ; 
Tar  sanas  at,  88. 

Boiling  point^  196-199,  203 ;  aliphatic 
hydrocarbons,  465 ;  crude  oil,  189- 
194 ;  distillates,  various,  209,  455, 
458,  537-539,  541-543;  naphthenes, 
211  ;  paraffins,  207,  208;  residnnm, 
324 ;  vaseline,  347. 

"  Boiling  "  spring  gas,  146. 

Bolivia,  oil,  171. 

Bologna,  Oil  and  gas  in,  148,  149,  150. 

Boot  jack,  see  Jar  latch. 

Bor^^o  San  Donnino,  Refinery  at,  154. 

Bonng,  see  Drilling, 

Borneo,  oil,  143,  182,  195. 

Boryslaw,  oil.  111,  112,  192;  ozokerite, 
28,  41,  11M13. 

Bottcher  on  origin,  234. 

Boulganak,  gas,  226. 

Boult's  friction  tester,  635. 

Bourbon  County  oil  field,  79. 

Bovey  coal  in  relation  to  bitnmen,  176. 

Boyd  on  drilling,  293,  301. 

Box  condenser,  329. 

Bradford  district,  paraffin  in  oil  wells, 
215  ;  oil,  178,  194  ;  oU  field,  17,  44, 
45,  64  ;  sand,  37  ;  third  oU  sand,  48. 

"  Bradly  "  oil  well,  22. 

Brandt's  oil-fuel  burner,  718,  719,  721. 

Braun*8  tester,  573,  585. 

Brayton  oil  engine,  725-727. 

Brazil,  bitumen,  169,  170. 

Brazzo  island,  asphalt,  160. 

Brelikow  oil  field,  105,  106.     . 

Bremen  petroleum  exchange  regulations, 
780. 

Bremerhaven  harbour  reflations,  781. 

Brine  wells.  Oil  and  gas  in,  166. 

Bri(^uettes,  Petrolenm,  663. 
I  British  Columbia,  ^as,  82,  225 ;  oil,  82. 
I  British  Guiana,  legislation,  767. 
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British  Honduras,  lesislation,  767. 

Bromine  absorption,  by  crude  oil,  214. 

Bromine,  action  on  brown-coal  tar  oils, 
463,  464 ;  reaction  with  vaseline,  348. 

Bromine  test  for,  gasoline,  647;  inter- 
mediate oils,  647;  lubricating  oils,  647; 
naphtha,  647;  paraffin,  646,  647;  rosin 
oil,  654. 

Brown  coal,  affinity  for  oxygen,  451; 
Ammonia  from,  457;  Gas  m>m,  455- 
458;  occurrence,  structure,  varieties, 
&c.,  413, 451-458;  Oxygen  in,  453, 455; 
products  of  distillation,  455-458. 

Brown-coal  tar  industry,  450-465. 

Brown-coal  tar  oil,  characteristics,  455, 
456,  457,  458,  460,  463;  testing, 
658. 

Bryson,  Jones,  and  Fraser's  retort, 
424. 

Bubble  viscometers,  619. 

Buffalo  sandstone,  53. 

Bukowina,  geology  and  occurrence  of 
oil,  46,  48,  107,  110,  117,  192. 

Bunsen's  photometer,  546. 

Burkesville,  Oil  well  at,  77. 

Burma,  legislation,  zee  India;  mnd  vol- 
canoes, 41. 

Burma  oil,  characteristics,  composition, 
&c.,  119,  121,  126,  181,  184,  192,  201, 
208,  209, 210,  212,  216;  digging  wells, 
246;  distilling  plant,  335;  drilling 
wells,  247-248,  309;  historical,  6; 
lubricating  properties,  202;  Paraffin 
in,  120,  1&,  125,  192,  200,  215 ;  test- 
ing, 214,  565 ;  Transport  of,  467. 

Burma  oU  fields,  29,  117-126. 

Burners,  Liquid  fuel,  715-724. 

Burnet  CounW,  Asphalt  in,  80. 

Burning  oils.  Characteristics  of,  203,  355, 

384,  385,  387,  397,  432,  436,  449,  543, 
544,  647 ;  chemical  composition,  209 ; 
illuminating  power,  546,  see  also  Kero- 
aenCf  Solar  oily  &c. ;  from  shale,  412, 
413,  447,  448,  449,  465,  466 ;  oU  gas 
from,  705;  test  of  origin,  647-648; 
Yield  of,  168,  177,  191-195,  200,  201, 
352-355,  357,  359,  363,  365,  367,  380, 

385,  387. 

Burning  quality  of  kerosene,  541,  544- 
546. 


"Burning  Spring,"  gas,  83 ;  oil,  184. 
Springs  (W. ""  -       - 

45 ;  oil  field,  68. 


Burning  Springs  (W.  Va.)  **oil  break," 


Burton-Sauer  test  for  sulphur,  652. 
Butane,  explosion  temperature,  515. 
Butane  in  oU,  207,  209. 
Butler  County,  composition  of  gas,  223 ; 

geology,  44,   55;    occurrence  of  oil, 

64. 
Butler  gas-sand,  67. 


Butler  sand,  55. 

**  Buttermilk  rock,"  53. 

Butyl  sulphide  in  oil,  205. 

Butylene,  explosion  temperature,  515; 

in  oil,  210. 
Buxi^res,  shale  industry,  411-413  ;  shale 

oil  refineries,  449. 
Buzeu,  oil,  116. 
Byasson's  theory  of  origin,  230. 


Catbd's  barrels,  528. 

California,  asphalt  rock,  42,  79,  220,  221 ; 
characteristics  of  oil,  78,  79,  178,  179, 
194  ;  composition  of  oil,  204-206,  209; 
drilling,  269;  occurrence  of  gas,  52, 
79 ;  occurrence  of  oil,  20,  60,  78,  79 ; 
origin,  231,  235 ;  yield  on  distillation 
of  oil,  194. 

Calorific  power  of  acetylene,  227;  ethane, 
227 ;  ethylene,  189,  227  ;  hydrogen, 
227  ;  methane,  189,  227  ;  natural  gasy 
227;  oU,  138,  189,  190,  639,  640, 
713-715 ;  propane,  227 ;  propylene, 
227. 

Calorimetric  bomb,  227,  539. 

Cambrian  formation.  Oil  in,  82. 

Cameron's  test  for  fixed  oils,  653. 

Camphenes  in  oil,  212. 

Camphino  lamps,  664. 

C&mpina,  oil,  116. 

Camps  or  Burdiehouse  limestone,  413- 
415. 

Canada,  asphalt,  221 ;  bitumen,  89,  90  ; 
characteristics  of  oil,  179,  183,  184, 
192,  194,  235 ;  composition  of  oil, 
205,  206 ;  de-sulphurising  oil,  363, 
364  ;  development  of  oil  industry,  21 ; 
distribution  and  occurrence  of  oil,  48, 
81-92 ;  gas,  51,  83,  89,  223 ;  legisla- 
tion, 768-770 ;  ozokerite,  41  ;  paraffin 
in  oil,  192,  200  ;  refining  oil,  363-365  ; 
source  and  origin  of  oil,  235 ;  sulphur 
in  oil,  1 83,  652 ;  storage  and  transport 
of  oi],  482 ;  yield  on  distillation  of  oil, 
192,  194,  363. 

Canadian  *'  burning  quality  "  test,  545. 
„        system  of  drilling,  153,   158, 
278-283,  284,  291-296,  307, 
309. 

Canal  Dover,  depth  of  well,  234. 

Candlemaking,  colouring  ozokerite,  217. 

Canonsburg,  gas,  224,  225 ;  gas  field,  67. 

Cape  Colony,  legislation,  770. 

Capillary  power,  kerosene,  201 . 

Carbazene  from  residue,  213. 

Carbides,  metallic,  Production  of  hydro- 
carbons from,  230. 
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Carbolic  acid  from  brown-coal  tar,  457, 
458. 

Carbon,  percentage  in,  asphalt^  218, 219; 
brown  coal,  453,  454;  parafi&n,  215; 
oil,  190,  204;  ozokerite,  218;  shale, 
410  ;  vaseline,  345,  347. 

Carbon  bisulphide  in  oil,  206. 

Carbon  dioxide  in  natural  gas,  222-226. 

Carbon  monoxide,  calorific  power,  227. 

Carboniferous  formation,  48,  54,  58 ;  as 
source  of  oil,  235 ;  Gas  in,  42,  233 ; 
OU  in,  233. 

Carboniferous  liinestone,  413 ;  sand- 
stone, Oil  in,  231 ;  slates,  144. 

Carbopetrocene  from  residue,  213. 

Carboxylic  acid  in  oil,  213. 

Carburetting,   air,    686-695;    gas,  661,* 
690-695. 

Carburettors,  691-695. 

Carll  on,  drilling  plant  and  tools,  251, 
252,  253 ;  duration  of  oil  supply,  43 ; 
occurrence  of  oil,  47;  production  of 
oil,  38. 

Carpathian,  oil  fields,  anticlinal  struc- 
ture, 46;  sandstones,  108,  113. 

"  Carpenter  ""  dry  gas  "  well,  222. 

Cascade  Kapid,  Tar  at,  89. 

Caserta,  oil,  153. 

Cases  and  tins  for  oil,  481-482, 489. 

Cases,  Transport  in,  521. 

Cashmere,  Asphalt  near,  133. 

Casing  spear,  257* 

Casing  wells,  245,  248,  249,  267-269, 
285,  286,  288,  292, 293,  295. 

Caspian-Pontian  formation,  93. 

Caspian  Sea,  depth  below  sea  level,  94 ; 
Gas  springs  in,  103. 

Cass  County,  oil,  72. 

Cassilo,  Gas  at,  92. 

Catskill  formation,  51,  55. 

Cattaraugus,  oil,  64. 

Caucasus,  oil,  characteristics,  184,  209, 
211 ;  composition,  207,  209,  210,  211, 
213 ;  duration  of  supply,  43 ;  geology, 
46,  94,  95 ;  occurrence,  48, 95,  97 ;  pro- 
duction in  northern  district,  97. 

Caving-in  of  wells.  Causes  of,  116. 

Cebu,  oil,  182,  200,  201. 

Ceresine,  217,  348,  349,  388,  389,  396. 

Cerotene  in  oil,  210. 

Cerotic  acid  from  paraffin,  216. 

Certificates,  Crude  oil,  475,  482. 

Ceryl  in  oil,  208. 

Cetene  in  oil,  210. 

Ceylon,  legislation,  770. 

Champaign  County,  Gas  in,  81. 

Chandlers  ventilating  fan,  498,  499. 

Charcoal,  use  in,  refining  paraffin,  443 ; 
refining  ozokerite,  395,  396.  ■ 

Chautauqua  County,  gas,  67. 


Cheduba  island,  oil,  117. 
"Cheese-box"  still,  311,  312,  313. 
Chekonpse,  oil,  101. 
Chemical  composition  and  properties  of 

petroleum,  ozokerite,  and  natural  gas^ 

190,204-227,350. 
Chemung  group,  Oil  in,  233. 
Cherry  Grove  County,  oil,  64. 
•* Cherry  Grove"  oU  well,  18. 
Cherry  Tree,  gas,  223. 
Chesneau  on  shale  oil  refining,  411,  448- 

450. 
Chester  sandstone.  Asphalt  rock  in,  42^ 

77. 
Chili,  oU,  171. 
China,    drilUng,    243-246;    leeislation, 

771 ;  occurrence,  &c.,  of  oil,  6,  166- 

167  ;  storage  of  oil,  521. 
Chindwin  Vidley,  oU,  121. 
Chingalek,  Oil  weUs  at,  101. 
Chloroform-alcohol  test,  647-648. 
Chromometers,  546-548,  596. 
Chrysene  in  oil,  212. 
Cincinnati  anticlinal,  73. 
Cincinnati  group,  61. 
Clamps,  252. 

Clarion  County,  oil,  55,  64,  194. 
Clarkson  and  Beckett's  paraffin  press, 

643 
Clay,  Gas  in,  150;  OU  in,  158,  163,  176  j 

power  of  absorbing  oil,  240;  use  in 

refinine  brown-coal  tar,  462. 
Clay  shale.  Oil  and  ozokerite  in,  112. 
Clearwater  shale,  88,  89. 
Clermont-Ferrand,  salt  water  and  oil, 

159. 
Cleveland,  gas,  225. 
Clinton  dolomite,  gas  well,  84. 
Clinton  limestone.  Gas  in,  52,  61,  71, 

83;  Oil  in,  61,  268;  pressure  of  gas, 

71. 
Clinton  series,  37,  58,  60. 
Cloez*s  theory  of  origin,  230. 
Clunch,  Oil  in,  119. 
Coal,  Composition  of   tar  from,  234^ 

Probable  formation  of  oil  from,  236 ;. 

Gas  in,  223 ;   Houston,  414 ;   Oil  in, 

129. 
Coal  gas,  see  Geu,  Coal, 
Coal  measures,  58, 59, 79 ;  Lower  barren, 

42,  52,  58;    Lower  productive,  58;. 

Upper  barren,  52,  58 ;  Upper  produc- 
tive, 52,  58. 
Coal   oil,    early   refineries    in    United 

States,  14. 
Coal  tar,  characteristics,  190;  chemical 

composition,  190. 
Cockrell*s  viscometer,  619. 
Coefficient  of  expansion,  see  Expannon, 

Coefficient  of. 
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Coke,  yield  from  brown  coal,  455-458 ; 
yield  from  oil,  192-195.  200,  353,  358, 
363,  397,  398,  399,  400, 401, 640;  yield 
from  shale,  410,  465,  466. 

Cold  test,  lubricating  oil,  531,  635-637, 
638,  639,  640,  G45. 

Coldre  on  drilling  in  China,  243-246. 

Cole's  still,  335. 

Colibazi,  oil,  116. 

Colombia,  asphalt,  170;  oil,  170,  179, 
194. 

Colon,  asphalt  and  oil,  169. 

Colorado,  oil,  20,  50,  76. 

Colorimeters,  546-548,  596. 

Coloar,  of  brown-coal  tar,  458 ;  of  bnm- 
ing  oU,  355,  380,  541,  546-548;  of 
limestone  oil,  235  ;  of  lubricating  oil, 
380,  400,  401 ;  of  ozokente,  217,  218 ; 
testing.  385,  546-548,  596  ;  of  various 
oils,  111,  117,  119,  120,  128,  133,  136, 
137,  139,  143,  144,  146,  147,  152,  153, 
158,  160,  162,  164,  165,  166,  167, 168, 
169,  170,  172,  173,  177,  178.  179,  180, 
181,  182,  193,  194,  200,  201. 

Columbian  County,  oil,  64. 

Columbus  limestone,  59. 

Combustion  test  for  sulphur  in  oil,  651- 
652. 

Commercial  oils,  Classification  of,  365, 
384. 

Condensers,  327-329,  338,  371,  382. 

Conductor,  280. 

Congealing  point  of  oil,  see  Cold  test. 

Congeria  in  oil  strata,  116. 

Conglomerate,  Gas  in,  174 ;  Oil  in,  80, 
12.%  135,  174,  231,  232. 

Conglomerate  series,  58,  59. 

Conil,  oil,  160,  182. 

Conoquenessing  sandstone,  53. 

**  Conway  "  oil  well,  57. 

Copper  oxide  in  ash  from  oil,  206. 

Coquand's  theory  of  origin,  231 . 

Coral  insects.  Theory  of  origin  from, 
235. 

Coral  near  oil  strata,  170. 

Comiferous  limestone,  37,  48,  56,  57,  59 ; 
Oil  in,  S2,  231 ;  in  Ontario,  gas  well 
in,  84. 

"  Coste  No.  1,"  gas  well,  83. 

Cracker  boxes,  425,  426. 

'''Cracking,"  oil,  317,  318,  319,  535;  in- 
fluence on  hydrocarbons  in  oil,  651 ; 
in  gas  making,  708 ;  processes,  200, 
317,  375 ;  shale  oil,  418. 

Crawford  shales,  53,  54. 

Credo  (Collonges),  bituminous  sands,  159, 
160. 

Creighton,  cas,  223. 

Cretaceous  formation,  89,  113,  162;  Gas 
in,  92;  on  in,  106,  108,  111,  116, 159, 


163,  193,  194;  Ozokerite  in,  41; 
Paraffin  in  oil  from,  215. 

Crimea,  characteristics  of  oil,  180,  199 ; 
chemical  composition  of  oil,  210; 
mud  volcanoes,  40 ;  occurrence  of  oil, 
48, 101 ;  yield  on  distillation  of  oil,  199. 

Crinoidal  limestone,  52. 

Crooked  Rapid,  geology,  88. 

Crude  petroleum,  characteristics,  359, 
384,  385,  532,  712;  chemical  com- 
position, 209,  712;  flashing  point, 
179-182;  Paraffin  in,  214,  215;  rate 
of  evaporation,  687,  690 ;  Testing,  530, 
532 ;  Vaseline  from,  345  ;  yield  of  dis- 
tillates, 385,  387. 

Cuba,  Asphalt  and  oil  in,  47,  145,  218. 
219. 

Cnmene  in  oil,  210.  211. 

Cuyahoga  shale,  37,  58,  59. 

Cymogene,  208,  209,  353,  354. 

Cyprus,  legislation,  771. 


Daohrstan,  oil,  96,  97. 

Daimler  engine,  731,  732. 

Dakota,  oil  and  gas,  51^  80. 

Daliki,  oU,  165. 

Dalmatia,  oil  and  asphalt,  48,  160. 

Danish  tester,  553. 

••  DavU  and  Wheelock  "  oQ  well,  16. 

Dayton  lime,  58. 

Dead  Sea,  Bitumen  near,  164. 

Decane,  in  oil,  207 ;  Oil  gas  from,  706. 

Decatrilene  in  oil,  210. 

Decatylene  in  oil,  210. 

Dehne  filter  press,  389,  390. 

Delano  on  asphalt,  222. 

Denmark,  legislation,  771. 

Dephlegmators,  316,  368,  371,  376,  377, 
.385,  535,  536. 

Deprez  and  Napoli's  friction  tester, 
628-630. 

Derbent,  Ozokerite  near,  41. 

Derbyshire,  bitumen  and  oil,  10,  182, 
217. 

Derricks,  250-252,261,  278,  289,  291. 

Deschambault  anticlinal,  87. 

Devonian  black  shale.  Oil  in,  77. 

Devonian  formation,  48,  58  ;  Gas  in,  42, 
51,  233 ;  Oil  in,  84,  87,  88,  104,  163, 
233,  235;  Oil  shales  in,  82;  Tar  in,  91. 

Devonian  limestones,  58  ;  sandstone.  Oil 
in,  231 ;  shale.  Gas  in,  51. 

Dewar  and  Redwood*8  distilling  ap- 
paratus, 320-322. 

"  Diall  "  oil  well,  72?^ 

Diamond  boring  system,  301. 

Digboi,  oil,  128,  181,  195,  232. 

DiUtometer,  185,  186,  187. 
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BilavUl  formation,  109,  112,  113.  I 

Dinaphthyl,  218. 
Dirt  tank,  521. 

Distillates,  Fractions  of,  183,  191,  192- 
195,  200,  355-358,  372,  399-401; 
Yield  of,  183,  191-200,  208,  335,  344, 
357,  359,  363,  365,  367,  373.  375, 
385,  538,  541-543;  see  also  under 
Burning  oU^  Kerosene,  Lubricating  oil, 
NaplUha^  Paraffin,  &c. 

Distillation  of  petroleum,  310-403  ;  Con- 
tinuous, 311,  329-335,  367.  369,  370- 
376,  379,  417,  418,  429431;  Early 
opinions  on,  176,  177;  Fractional.  177, 
317-339.  368,  432-436,  535-544  ;  Spon- 
taneous, 233,  234,  235,  240.  See  also 
DiatUling  plant  for  petroleum. 

Distillation  tests,  385,  535  544,  644. 

Distillation  theory  of  origin,  228. 

Distilling  plant  for  petroleum,  **  cheese- 
box"  stills.  311,  312;  condensers.  327- 
329,3,38,371,382;  cyUndrical  still8,311, 
312  ;  dephlegmators.  316,  :^68,  371, 
376,  377,  463,  535.  536 ;  early  forms 
of  stills,  310,  311  ;  general,  311-338, 
355.  357.  363,  364,  366,  368-383,  386, 
387.  397 ;  separators,  352 ;  super- 
heaters, 381 ;  vacuum  stills,  326,  327 ; 
"wagon"8tills.  313.  314. 

Distilling  shale,  416-424,  449. 

Distilling  shale  oil,  426-436. 

Distribution,  Geological  and  geogra- 
phical, 1-31,  .32-174  ;  Austria - 
Hungary,  104-117;  Canada,  81-92; 
Eastern  Archipelaeo.  138-145 ;  Ger- 
many. 154-158;  India,  117-133  ;  Italy, 
147-154  ;  minor  fields,  158-174  ;  Peru, 
133-138;  Russia,  92-104;  United 
States,  4S-81 ;  West  Indies,  145-147. 

Dodecane  in  oil,  208. 

Dodecatylene  in  oil,  210. 

Dolomitic  limestone,  36,  37  ;  see  also 
Trenton  limestone, 

Dominica,  legislation,  772. 

Donkin  on  oil  engines,  725. 

Doolittle's  torsion  viscometer,  619. 

Doshakh,  oil,  102. 

Draganeasa,  oil,  114,  116. 

"Drake^'oilweU,  15. 

Drilling,  153,  155,  161,  241.309,  873; 
Burma,  246-248,  309;  by  hand,  289; 
Canada,  278-2^3  ;  China,  243-246; 
Favourable  conditions  for,  103,  116  ; 
Galicia,  289-307,  309 ;  Gennany,  307, 
309 ;  Italy,  153 ;  .iapan,  168,  241, 242, 
309 ;  plant,  250,  251.  252  ;  tools,  244, 
249,  252,  278-281,  282.  285.  286,  289- 
301  ;  Russia.  283-289,  309  ;  United 
States,  248-277.  309,  873. 

Drive  pipe,  258,  280. 


Droojba  oil  well,  25,  39. 

Dunkard  Creek,  oil,  53. 

Dunniedaw  refinery,  121. 

Duration  of  oil  and  gas  supplies,  43. 

Duske's  friction  tester,  627. 

Duties,  Import,  on  petroleum,  868-872. 

Dvorkovitcn,  distilling  apparatus,  375, 

376  ;  gas  making,  709. 
Dwiniacz  ozokerite,  41,  112. 


East  Indies,  oil,  1.38-145,  195. 

Echigo  oil  region,  167. 

Ecuador,  gum  beds,  170;  oil,  170-171, 
179,  194. 

Egypt,  oil,  163-164,  200;  ozokerite,  41. 

Ehrenberg  tester,  585. 

Elaterite,  10,  217. 

Eldridge  on  tank  steamers,  494. 

Elevator  for  casing,  286. 

Elk  County,  gas,  51,  52,  66. 

Elliott's  tester,  579,  580. 

Ellis  on  occurrence  of  oil  in  Gasp^,  84. 

Elsass,  see  Alsace. 

Emilia,  oil  and  gas,  147-150. 

"Empire"  oil  well,  16. 

Endecane  in  oil,  208. 

Endecatylene  in  oil.  210. 

England,  brown  coal,  453,  458 ;  legisla- 
tion. 734-760  ;  natural  gas,  226  ;  oil, 
8-13,  182.214;  ozokerite,  218 ;  refining 
ozokerite,  388,  389 ;  shale  industry, 
465. 

Engler,  condenser,  327,  328 ;  distillation 
test,  536-538  ;  electric  tester,  575, 576 ; 
fractional  distillation  apparatus,  402, 
403 ;  viscometer,  602,  608,  609,  610, 
612,  617,  618. 

Engler  on,  coefficient  of  expansion,  183, 
184 ;  composition  of  natural  gas,  226 ; 
distillation  test,  542  ;  origin,  2.37  ;  re- 
fining, 397-403  ;  refractive  index,  183 ; 
specific  n>avity,  183. 

Engler  ana  Bohm  on  vaseline,  344-350. 

Engler-Kunkler  viscometer,  610-612. 

Engler  -  Kiinkler  -  Martens  viscometer, 
612. 

English  open-tester,  550.  553. 

Enniakillen  township,  oil,  21. 

Eocene  formation,  Aosenco  of  paraffin  in 
oil  from,  215 ;  Oil  in,  97,  106,  107, 108, 
109,  111,  113,  116,  117,  132,  143,  164, 
165.  172,  193,  194. 

Erie  clay,  82. 

Erie  County,  gas,  67. 

Erie  shale,  58. 

Essex  County,  gas  strata,  83. 
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Ethane,  calorific  power,  227 ;  explosion 
temperature,  515 ;  in  natural  gas,  222, 
223;  inoU,  207. 

Ethyl  compounds  in  oil,  2U5. 

Ethylene,  calorifio  power,  189,  227 ;  ez- 
ploeion  temperature,  516 ;  in  gas,  224, 
226  ;  in  oil,  209,  210. 

Euphrates  valley,  bitumen,  164. 

Eureka  oil  field,  68. 

Eurojje,  occurrence  of  oil  and  gas,  48, 
92-117,  147-161. 

Expansion,  Coefficient  of,  183-189,  517; 
relation  of  specific  gravity  to,  185, 
188 ;  relation  of  temperature  to,  184, 
185. 

Expansion  tnmks  in  tank  steamers,  490, 
491,  497,  499. 

Explosions  due  to  ignition  of  petroleum 
vapour,  499-519  ;  by  electrical  ex- 
citation, 516 ;  prevention  of,  517*519 ; 
temperatures  at  which  ignition  occurs, 
515. 

Export  of  petroleum,  &o. ;  see  Statistics; 
Transport^  <kc. 


Fabian  system  of  drilling,  289,  296. 

Fairbank  ou  Canadian  (jil  fields,  22. 

Fairmont,  Gas  well  at,  76. 

Fatty  acids  in  oils.  213. 

Fauck's  **free  fall"  systems  of  drilling, 

297-301,  307. 
Fauvelle  system  of  drilling,  155,  306-308. 
Fayette,  oil  and  gas,  54. 
Fergana,  oil,  102. 
Ferriferous  limestone,  53. 
Field  and  Siemssen's  ozokerite- refining 

process,  389. 
Field   and   Tailing,    preparing   okonitc 

from  ozokerite  residue,  389. 
"Fiero"  oil  well,  22. 
**  Fifth  "sand.  Gas  in,  67. 
"Fifty.foot"  gas  rock,  67. 
Fiji,  legislation,  773. 
Findlay  gas,  composition,  224 ;  pressure 

in  wells,  72,  276;  production,  71,  72. 
Findlay  gas  field,  51,  71,  72;  oil  field, 

45,  69,  70,  73. 
Fiorenzuola  d'Arda,  Refinery  at,  154. 
Fire  test,  apparatus  and  testing,  549- 

590,  599,  601. 
Fire  test  of,  various  distillates,  355,  357 ; 

kerosene,    541,    549-590 ;    lubricating 

oil,  356,  358,  398-401,  638,  639. 
Fire  test,  relation  to  flashing  point,  355. 
Fishing  tools,  246,  255-258,  281,  282. 
Fixed  oils  in  lubricating  oils,  Tests  for, 

652-653. 


Flannery  on  tank  steMners,  497»  496. 

Flashing  point,  apparatus  and  testing, 
549-591,  596-601 ;  comparison  of  test- 
ing  instruments,  591  ;  effect  of  bwo- 
metric  pressure  on,  559-560,  562,  564, 
565,  568,  569 ;  effect  of  climate  on, 
560 ;  of  crude  oil,  179rl82  ;  heavy  oil, 
645;  kerosene,  541,  543;  lighthoose 
oil,  531;  lubricating  oil,  398-401,  637- 
640 ;  residuum,  401 ;  of  oil  from 
Algeria,  162;  Appolonia,  168;  Argen- 
tina, 171 ;  Austria,  387 ;  Barbados, 
146;  Burma,  202;  Colombia,  170; 
Egypt,  164 ;  Germany,  155,  158,  397  ; 
Italy,  153 ;  Java,  139  ;  Labuan,  143 ; 
Mexico,  169;  Mogalkot,  133;  New 
Zealand,  173,  182;  Persia,  165,  166; 
Peru,  137 ;  relation  between  Abel  and 

r  open  test,  555 ;  relation  to  accidents, 
679-680;  relation  to  fire  test,  355; 
Roumania,  117;  Russia,  196-199,  384, 
385 ;  Spain,  160 ;  Sumatra,  139,  143 ; 
Timor,  145;  Trinidad,  147. 

Florence  (Fireuzo),  gas,  150. 

Florence  oil  field,  50,  76. 

Flowing  wells,  see  Wells,  Oi/, 

Fluorene  in  oil,  212. 

Fluorescence,  Removal  of,  358. 

Forens,  asphalt,  42,  221. 

Forest  County,  oil,  64. 

*♦  Fork,"  286. 

Formosa,  oil,  145. 

Fornovo  di  Taro,  artesian  wells,  148. 

Fossils,  in  bitumen,  146,    232;    in    oil 
strata,  151. 

Foster's  tester,  583,  584,  591. 

Fostoria,  gas,  72,  224. 

Fouqu^'s  analyses  of  natural  gas,  223. 

France,  asphalt  rocks,  220,  221  ;  brown 
coal,  453,  456-458 ;  characteristics  of 
oil,  184,  190;  chemical  composition  of 
oil,  190 ;  legislation,  773-777  ;  occur- 
rence, &c.,  of  oil,  9,  159,  160;  refining 
oil,  403;  shale  industry,  411-413, 
448-450. 

Fredonia,  composition  of  gas,  223,  225. 

Free-fall  systems  of  drilling,  289,  296- 
301. 

Freeport  sandstones,  53. 

French,  friction   tester,   632-635 ;   open 
test  instrument,  551. 

Friction  testers,  621-635. 

Frisia,  East,  ozokerite,  41. 

Fucoids,  Theory  of  origin  from,  235, 


**  Galetta  '  oil  well,  151. 


INDEX. 


883 


Golicia,  drilling,  289-307,  309 ;  geology. 
40, 106,  107,  108,  193,  194;  historiJal, 
27  ;  statistics,  28,  845-848. 

Galician  oil,  characteristics,  110,  111, 
180,  189,  190,  191,  192,  195;  composi- 
tion, 190.  204,  206,  207,  209,  210,  213; 
distillates  and  residue,  191,  192,  193, 
194,  195;  occurrence,  47,  48,  104-111 ; 
Paraffin  in,  192,  200 ;  production,  105, 
289-307,  309  ;  Refining,  314 ;  Vaseline 
from,  344. 

Galician  ozokerite,  28,  41,  111-113,  218. 

Galowka,  oil,  109. 

Gameshe  Tepe  (Silver  Hill),  oil,  102. 

Gantz  sand,  54 ;  Gas  in,  67,  277. 

Gas,  Air,  686,  691-695 ;  evaporation  of 
hydrocarbons,  686-690. 

Gas,  Coal,  carburetting,  690 ;  Effect  of 
oil  gas  in,  707  ;  illuminating  power, 
674,  675. 

Gas  from  brown  coal,  455-458;  shale, 
424,  425,  449. 

Gas,  Natural,  characteristics,  composi- 
tion, &c.,  222-227 ;  dbnditious  for  ac- 
cumulation in  rock,  44-47,  74;  dura- 
tion of  supply,  43 ;  Lamp  black  from, 
664 ;  Lightmg  by,  153 ;  mains,  regula- 
tion of  pressure  in,  277  ;  occurrence, 
42,  44.47,  51,  66,  222-227,  302;  Oil 
in,  222 ;  pressure  in  wells  and  strata, 
3235,  67,  71,  72,  103,  139,  275,  276, 
277,  287  ;  pressure  of  water  in  strata, 
75  ;  salt  water  horizon,  75  ;  Sulphur- 
etted hydrogen  in,  158,  224,  225  ;  us^s, 
153.  302,  664,  711, 712;  Water  in,  222 ; 
wells,  see  WelUt  Ons. 

Gas,  Natural,  in,  Algeria,  102, 163;  Berea 
grit,  52,  67, 71 ;  bitumen,  146;  Borneo, 
143  ;  brine  wells,  87,  166  ;  cal- 
careous rocks,  150 ;  Canada,  51,  63, 
83,  84-87,  89,  92,  223;  China,  166,  167; 
clay,  150;  Clinton  limestone,  52,  61, 
71,83;  conglomerate,  174;  Corniferous 
limestone,  48  ;  Cretaceous  rocks,  92 ; 
Devonian  formation,  42,  51,  233 ; 
Eevpt,  163,  164;  **  fifth  sand,"  67; 
"fifty-foot  rock,"  67;  Gordon  sand, 
67 ;  Italy,  148-153 ;  Mahoniog  sand- 
stone, 42 ;  Medina  sandstone,  83,  84, 
86 ;  Medina  shales,  84,  86  ;  mud  vol- 
canoes, 103,  119,  226 ;  Niagara  forma- 
tion, 68,  83,  84;  oil  wells,  151,  153, 
158,  159,  172,  173 ;  Palaeozoic  forma- 
tion, 48 ;  Persia,  164 ;  Portage- 
Chemimg  formation,  66  ;  quartz,  13^1 ; 
Richburg  sand,  67  ;  Russia,  42,  92- 
95,  102,  103,  223,  226  ;  sands  and 
sandstones,  42,  80,  173,  174;  shales, 
80,  92,  233 ;  Shenango  sandstone,  67  ; 
Spain,  160;  Sub-apennine  formation, 


150 ;  Sub-Olean  formation,  67  ;  tar 
springs,  89 ;  Tertiary  formation,  42 ; 
Timor,  144 ;  Trenton  limestone,  42^ 
52,  62,  63,  71-76,  81, 83,  224,  276,  277  ? 
United  States,  40,  42,  45,  46,  61,  52, 
59,  61,  6681,  83,  225,  275-277. 

''Gas  oil,"  Characteristics  of,  449;  yield 
from  shale  oil,  447,  449. 

Gas,  Oil,  695-7 1 1 ;  from  burning  oil,  706 ; 
from  heavy  oil,  705,  706 ;  from  inter- 
mediate oil,  203,  705  ;  from  naphtha, 
705,  706 ;  from  octane,  706 ;  **  Hydro- 
carbon" from,  203 ;  illuminating  power, 
705-707,  710,  711. 

Gas  pipe-lines,  see  Pipe-lines,  Qas. 

CJas,  Producer,  carburetting,  702. 

Gas,  Water,  421,  699-702. 

Gasoline,  bromine  test,  647;  character- 
istics and  uses,  203,  208,  353,  354,  357, 
385,  647;  chemical  composition,  209; 
from  oil,  208,  357,  359,  385;  shale  gas, 
424,  425;  shale  naphtha,  437;  Rate 
of  evaporation  of,  687,  688. 

Gasp4,  limestone,  86 ;  oil,  84,  179,  194  ; 
sandstone,  86. 

"Gas  rock,"  51. 

"Gas  Spring,"  Canada,  83. 

Gas  tank  for  oil  wells,  273. 

Gault  formation,  Oil  in,  15S. 

Gawalowski's,  tester,  587. 

Gebel-Zeit,  oil,  163. 

Gemsah,  oil,  163. 

Genessee  slates,  56. 

Geographical  distribution,  1-31,  32-174. 

Geological  dUtribution,  32-174, 193, 194, 
232,  233,  277 ;  anticlinals,  44,  45,  46, 
70,  73,  74,  84,  87.  93,  104,  108, 
116,  119,  125,  126,  131,  132,  150,  151, 
164,  277;  dip  of  strata,  44,  91,  98, 
116,  125,  145,  158,  160,  165.  166,  168, 
415;  oil  belts,  47,  50,  51,  78,  99;  syn- 
clinals, 44,  116;  terrace  structure,  44,. 
45,  46,  62,  OS. 

Germany,  asphalt  rock,  220,  221 ;  char- 
acteristics of  oil,  155, 182-184, 189-192, 
195;  composition  of  oil,  190,  204,  206, 
207,  210,  213  ;  distribution  of  oil,  48, 
154-158 ;  drilling,  307,  :^09 ;  legislation, 
777-783 ;  lubricating  oil,  expansion  o^ 
188;  origin  of  oil,  231 ;  paraffin,  158, 
215;  production,  154,  155,  158;  refin- 
ing, 396-403 ;  State  railway  regulations 
for  lubricatiog  oils,  637-640 ;  transport 
and  storage,  520. 

Gibbs'  viscometer,  619. 

Gibraltar,  legislation,  783. 

Gibsonburg  oil  field,  68,  69,  70. 

Gilsonite,  41,  80,  217. 

Glasgow  pool,  oil,  77. 

Glinoj  Balka,  oil,  99. 
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Glodeni,  oil,  116. 

Qlynsky's  dephlegmator,  368,  3S5,  536. 

Gneiss  schist,  Bitamen  in,  160. 

"Go.devil."275. 

** Go-devil "  pipe-line  scraper,  473. 

Godramstein  reHnery,  158. 

Goenoeng  Sarie  oil  field,  139. 

Gold  Coast,  bitumen  and  oil,  168,  182. 

Grordon  sand,  55 ;  Gas  in,  67 ;  Oil  in,  56. 

Gorlice,  Oil  near,  105. 

Gooliani  oil  field,  98. 

Oouria,  asphalt  and  bitumen,  98;  oil, 

180,  195 ;  oil  region,  97. 
<}ouriamti  oil  field,  98. 
•Grab,  259,  260. 

Grabowski's  theory  of  origin,  231. 
Grahamite,  41,  217. 
•Grand  Rapids  sandstone,  88. 
Granier's  testing  instrument,  580-581. 
Grant  County,  oil,  72. 
Granular  limestone,  63. 
Grapeville  gas  field,  51,  66,  67. 
Gray's  tester,  599-600. 
^Greene     County,    coal     measures,    52 ; 

geology,  54  ;  oil,  65. 
**  Green-oil "  sand,  55. 
"Grenada,  legislation,  7S4. 
Grosnaia,  oil.  96,  97,  180,  195,  199. 
Grosney,  see  Urosnaia. 
Guelph,  dolomite,  84  ;  limestone,  58. 
Guernsey,  legislation,  784. 
«*Gumbcd8,"21,  50,  170. 
Gunda  oil  wells,  129. 
Gypsum,  in  ozokerite,  217  ;  Oil  and  gas 

in,  162,  163. 


H 


Haas'  tester.  577. 

Haf-Sheid,  oil,  IGo. 

Hagenau,  Oil  near,  154,  155. 

Hamburg  harbour  regulations,  783. 

Hamilton,  group,  232 ;  limestone,  56, 
72,  82  ;  shale,  56,  58,  60,  82. 

Hancock  County,  i^as,  39.  51  ;  oil,  68, 69, 
70. 

Hanover,  characteristics  (f  oil.  1S4,  190- 
192;  chemical  comi>ositi(m  of  oil,  190, 
206,  207  ;  Orilling  in,  .S07  ;  occurrence 
of  oil,  48,  154  ;  distillation  yield  fn>m 
oil,  191,  192. 

Hanway,  Jonas,  Huku  oil  and  gas,  4. 

Harklowa,  oil,  111,  192,  IW,  195. 

Harrison  County,  occurrence  of  oil,  69. 

Harvey  well,  gas,  22,'?. 

Hawkers'  licenses,  743,  744. 

Heavy  oil,  characteristics,  203;  district 

^  (Venango),  64  ;  Oil  gas  from,  705,  706 ; 

^  yield  from  brown  coal,  456 ;  yield  from 


petrolenm,  192,    193,   194,   201,  387; 

yield  from  shale.  447. 
Heckmann's  naphtha  still,  336-338. 
Hecla  sandstone,  53. 
Helderberg  limestone.  Lower,  58, 60,  CS; 

Upper,  59,  60. 
Helena  oil  field,  70. 

Henderson's  ammonia   still,  425  ;    con- 
tinuous distillation   systeoa,  428-431 ; 

paraffin   cooler,    442,     443 ;     parafifin 

sweater,    445-447  ;    retort,    414,   416, 

418-421;    -new"    retort,    423,   424; 

shale  oil  still,  432-436. 
Henninger's  dephl^iuator,  536. 
Henry,  occurrence  of  oil  in  Canada,  21. 
Heptane  in  oil,  207,  208. 
Heptylene  in  oil,  210. 
Herodotus,  historical,  I. 
Heumann's  tester,  576. 
Heusler  on  refining  brown-coal  tar  oils, 

463. 
Hexadecane  in  oil,  185,  208. 
Hexane  in  oil,  207.  209. 
Hexyl  compounds  in  oil,  205. 
Hexylene  in  oil,  210. 
Hildreth,  early  uses  of  oil,  14  ;  saliferous 

rocks  in  Ohio,  40. 
Hill  and  Thumm's  still,  334-335. 
Hillsboro'  sandstone,  58,  60. 
Historical  account,  1-31,  873. 
Hitchcock  on  origin,  231. 
Hock  oil  engine,  725. 
Hofer,  on  commercial  products  of  petrci- 

leum.  203;  on  origin,  231,  232,  234, 

236,  238. 
Hoffman,  analysis  of   bituminous  sand 

90. 
Holand,  testing  brown-coal  tar  oils,  657 

658. 
Holden's  oil  fuel  burners,  716-718. 
Holde  on  coefficient  of  expansion,  183. 
Holland,  legislation,  785;   Storage  and 

transi)ort  in,  520. 
HoUe,  oil,  160. 
Hollow  reamer,  259. 
Holy  Island,  gas,  103 ;  oil,  95. 
Homewoo<l,  conglomerate,  67;  sandstone 

52,  53,  59. 
Hompesh  retort,  416. 
Hong  Kong,  legislation,  787. 
Hook,  Straightening,  260. 
Horley    and    Sedgley's    water     finder 

523. 
Hornsby-Akroyd  oil  engine,  730. 
Horn  socket,  257,  282. 
Horoera  Point,  oil,  171. 
Horst,  oil,  182,  195. 
Houston,  gas,  225,  227. 
Hiibner's  extractor,  391,  392,  396. 
Hue  on  drilling  in  China,  243. 


INDEX. 


885 


Hudson  Kiver  limestone,  Oil  and  gas  in, 

81. 
Hudson  River  series,  58,  61. 
Hudson   Kiver   shales,    cover   for   gas 

stratum,  74. 
Hudson  Kiver  slate,  characteristics  of 

oil  and  gas,  236. 
Huidobro,  oil,  160,  182,  195. 
Hull,  storage,  520. 
Hum  ber stone,  gas,  83. 
Humboldt  on  origin,  228. 
"  Hume  "  oil  well,  69. 
**  Hundred  foot  dead  line,"  75. 
Hunt,  Sterry,  see  SUrry  Hunt, 
Huron  shale,  58;    8olid  hydrocarbons 

in,  233. 
**  Hutson  "  gas  well,  39,  277. 
**  Hydrocarbon  "  from  oil  gas,  203. 
Hyarocarbons,   Action   of  oxygen    on, 

218;    in  lignite  oils,   213,   463-465; 

natural  gas,  223;   oil  gas,  704,  705; 

ozokerite,  212;  petroleum,   206-213; 

shale,  410. 
Hydrocarbons,  saturated,  Properties  of, 

185. 
Hydrocarbons,  Solid, 214-218;  coefficient 

of  expansion,  185,  188 ;  in  oil,  194, 

195,  200,  035,  637,  638 ;  testing,  657. 
Hydrocarbons,   theories    of    formation, 

229,  230,  231.     See  also  Orljin, 
Hydrogen,    calorific    power,    227  ;    in 

asphalt,  219  ;   brown  coal,  453,  454, 

555  :  natural  gas,  222-226 ;  oil,  190, 

204;   ozokerite,  218;   paraffin,  215; 

vaseline,  345,  347. 
Hydrometers,  534,  535. 
Hydro-oxy  oil  gas,  710. 


I 

Illinois,  characteristics  of  oil,  81 ;  Oil 

and  gas  in,  20,  52, 81 ;  pressure  of  gas, 

276. 
Illuminating  power,  lamps,  673-675 ;  oil 

cas,  705-707,  709-711. 
Ilsky  oil,  99  ;  characteristics,  180,  195 ; 

yield  on  distillation,  195. 
Import  duties  on  petroleum,  868-872. 
India,  legislation,  565,  788-790;  occar- 

rence  of  oil,  29,  46, 117-133;  storage, 

521 ;  Testing  oil  in,  560-565. 
Indiana,  character  of  brine  in  wells,  76 ; 

geological  conditions,  44,  46,  68,  73; 

occurrence  of  oil,  20, 49, 50,  68-76  ;  oil 

production,  68-76  ;  tester,  552-553. 
Indiana  gas,  depth  of  yielding  strata,  76; 

occurrence,  51,  52,  73,  76  ;  pressure  in 

wells,  276  ;  production,  76. 
Indian  County,  gat,  223. 


Indin,  oil,  121. 

Ingram  and  Stapfer*s  friction  tester,  626» 

632. 
Inorganic  origin,  Theories  of,  229-231. 
Intermediate  oils,  Bromine  test  for,  647 ; 

characteristics,   647 ;    Cracking,  317, 
t  318;   Oil  gas  from,  203,  705;    yield 

from  petroleum,  192-196 ;  yield  from 

shale,  447,  448. 
Ireland,  storage,  520. 
Iron,  in  asphalt  rock,  220,  221 ;  in  oil, 

206. 
Iskardo,  Asphalt  near,  133. 
Isle  of  Man,  legislation,  790. 
Italy,  characteristics  of  oil,  152, 153, 182, 

184, 189, 190, 195,  214;  composition  of 

oil,  190,  210;  drilling,  153;  legislation, 

791 ;  mud  volcanoes,  41  ;  occurrence 

of  oil  and  gas,  8,  48,  147-154,  248  ; 

refineries,  154;   yield   on  distillation 

of  oU,  195. 


Jack,  286. 

Jackson's  carburettor,  691. 

Jacobi,  geology,  98. 

Jamaica,  legislation,  791. 

Japan,  characteristics  of  oil,  167  ;  drill- 
mg,  168,  241,  242  ;  geology,  46 ;  legis- 
lation, 792  ;  occurrence  of  oil,  7,  167, 
168;  production  of  oil,  167,  168,  241, 
242  ;  sinking  wells,  241,  242  ;  storage 
of  oil  521. 

Jars,  244,  249,  252,  254.  278,  282,  286, 
292  ;  Free-fall,  289,  299. 

Jar,  latch,  257 ;  socket,  259. 

Java,  characteristics  of  oil,  139, 182, 189, 
190,  195 ;  composition  of  oil,  190 ; 
occurrence  and  production  of  oil,  138, 
139;  paraffin  in  oil,  139, 20O;  pipe-line, 
138;  pressure  of  gas  in  wells,  139; 
yield  on  distillation  of  oil,  195. 

Jay  County,  oil,  72. 

Jetferson  County,  gas,  54. 

•*  Jenery  and  Evoy  "  oil  well,  22. 

Jersey,  legislation,  793. 

Jujuy,  as^alt  and  oil,  171. 

Jurassic  formation,  Oil  in,  158,  237. 


K 


"  Kaot  *'  gas  well,  72. 
Kahka,  oU,  102. 
Kaiser  oil,  203. 
Kandashirin,  oil,  164* 
Kane,  gas,  225,  227. 
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Kane  sand,  Gas  in,  5*2. 

Kansas,  oil  and  gas,  20,  52,  78,  79,  SO, 

179. 
Karamiah  Kelechi,  Oil  well  at,  101. 
«*Karg"ga8well,  71,  276. 
Kams  City,  oil,  194. 
Kast  and  Seidner  on  origin,  240. 
Keates'  close  tester,  554. 
Keith's  oil  gas  plant.  GOT. 
Kentucky,  gas,  42,  52,  77 ;  oil,  20,  50, 
^  CO,  TO,  77,  235. 
Kernian,  gas  springs  and  mud  volcanoes, 

164. 
Kern  County,  asphalt,  70. 
Kerosene,  cnaracteristics  and  composi- 
tion,   201,    209,    541,   542,    543-546; 

testing,   368,  530,  541591,   646-655; 

see  also  Burning  oil. 
Kertch,   gas,   226;    oil,   180,    195;    oil 

strata,  104. 
Khdtan,  oil,  181,  195;  oil  field,  31,  130- 

132. 
Khyber  Pass,  oil,  130. 
Kier,  early  uses  of  oil,  14. 
Kind*s  free-fall  borer,  296. 
**King"  oil  wells,  82. 
Kinzua  Creek  sandstone,  53. 
**Kir,"  see  Asphalt. 
Kishm  Island,  oil,  165,  166. 
Kisslin^'s  distillation  apparatus,  540. 
Kittaning  sandstone,  53. 
Kleeman  respirator,  518. 
Klenczany,  oil,  110,  111,  180,  193, 194. 
Kliwa  sandstone,  107,  108,  109. 
Kobellany,  oil,  180. 
Kodanng  oil  field,  120-122. 
Koettstorfcr's  test  for  lixed  oils,  653. 
Kokomo,  gas,  *225. 
Kop  Kootchican,  oil,  101. 
"  Kormilitza^  oil  well,  288. 
Kurting's  steam-jet  exhauster,  326. 
Kouban,  oil,  99,  100,  192,  198,  199. 
Koudako,  oil,  27,  100,  101,  180,  195. 
Kramer  on  origin,  234. 
Kronstadt,  refineries,  113. 
Kryg,  oil,  111,  194. 
Kryva  Olyka,  oil,  181. 
Kiinkler's  viscometers,  613-618. 
Kyauk  Phyu,  mud  volcanoes,  119;  oil, 

117. 


i  Lambton  County,  oil  fieldsy  82. 

,  Lamp  accidents,  678-681. 

I  Lampblack  from  natural  gaa,  664. 

I  Lamp,  globes,  675  ;  wicka,  677-678. 

I  Lamps,  Camphine,  664. 
Lam|)8,  Mineral  oil^  664-6S6;  Anocapnic, 
666 ;  Argand,  666,  671  ;  Aria's,  670, 
671  ;  lielge,  670;  comparison  of  cost 
of  oil  and  gas,  674  ;  Cosmoo,  671; 
Defries,  669  ;  extinguishers,  676 ; 
Hiuks*  duplex,  665,  666 ;  illnminat- 
ing  power  and  oil  consumption,  673- 
675 ;  incandescence,  673  ;  Kumberg's, 
671;  Liverpool  button  for,  664,  676; 
Lome,  666;  Lucigen,  681-684;  Mak- 
arow's,  672;  Mitrailleuse,  670;  oO 
supply,  677;  prea.vure  from  explosioo, 
681 ;  Rochester,  670;  safety  appliances, 
677;    Schuelke's,   673;     Ship\    681; 


Labktte  County,  ^as,  79. 

La  Brea,  oil,  147,  182;  refinery,  147. 

Labuan,  oil,  143,  182,  195. 

La  Carrita,  oil,  133. 

Lacto  compounds  in  oil,  213. 

Lagos,  legislation,  793. 


Lamps,  Solid  paraffin,  685. 

Lamps,  Mineral  spirit,  685. 

Lancashire,  oil,  9-11. 

Lancaster  field,  gas,  61,  71. 

Langevin,  gas,  92. 

Lanffkat,  oil,  139,  182. 

Lasallc  County,  gas,  81. 

I^urentian  rocks,  32. 

Lawrence  condenser,  329. 

Lawrence  County,  oil,  53,  54,  64. 

Leases,  Mining,  Canada,  283  ;   Galicia, 
295  ;  (irermany,  155  ;  Grosnaia  oil  field, 
97  ;   shale,  415  ;   United  States,  250. 
"    268. 
^Le  Bel's  dephlegmator,  636. 

Leech  burg,  gas,  223. 

Legislation,  734-839 ;  Britain,  550,  553- 
56.') ;  France,  550 ;  India,  565 ;  United 
States,  551.  See  also  Table  of  Con- 
tents for  these  and  other  districts. 

Lcnczj^n,  oil,  192,  195. 

Lenz's  casing  -  connecter,  286  ;  oil-fuel 
burner,  719. 

LeiHjnau's  leptometer,  618. 

Lesley  on  duration  of  oil  supply,  43; 
occurrence  of  oil,  63 ;  oriain  of  oiL 
231,  235. 

I^taung,  oil  and  gas,  117,  118,  119. 

Letheby's  electric  tester,  575. 

Lewes,  gas  making  process,  708  ;  on  oU 
gas,  710,  711. 

Lias  formation,  Oil  in,  238. 

Libupza,  oil,  111,  193,  194;  sandstone. 
107. 

Licenses,  Antigua,  760 ;  Australia,  763 
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772 ;  France,  775,  776 ;  Germany,  778- 
783 ;  Gibraltar,  783 ;  Gaemsey,  784 ; 
Holland,  786,  787 ;  Hong  Kong,  787  ; 
India,  778  ;  Isle  of  Man,  790 ; 
Jamaica,  791  ;  Jersey,  793 ;  Lagos, 
793  ;  Mauritius,  794  ;  Natal,  795 ; 
Nevis  and  St.  Kitts,  795;  New  Zea- 
land,  763 ;  North  Borneo,  795 ;  Russia, 
797 ;  St.  Lueia,  798 ;  Sierra  Leone, 
798  ;  Spain,  799  ;  Straits  Settlements, 
799;  Sweden,  800;  Switzerland,  801- 
804 ;  Trinidad,  805 ;  United  Kingdom, 
738,  743,  744,  746-757 ;  United  States, 
806-819. 

Liebcrmann's  flashing  point  tester,  585. 

Lighthouse  oil,  531. 

Lighting,  Comparison  of  cost  of,  with 
mineral  oil  and  coal-gas,  674. 

Light  hydrocarbons,  general  character- 
istics, 203, 397;  composition,  209;  yield 
on  distillation  of  oil,  191  - 194 ;  Russian, 
365  ;  see  also  Oasoline,  Naphtha,  d:c. 

Light  oil  from  brown-coal  tar,  456,  457. 

Lignite,  89,  232,  413,  450,  451  (see  also 
Brown  coad) ;  ammonia  from,  450; 
oil  and  tar,  318,  455461,  46.3,  464. 

Lignite  oil.  Action  of  reagents  on,  459, 
460,  463 ;  Hydrocarbons  in,  213,  463- 
465. 

Ligroln,  Characteristics  of,  203,  209. 

Likmau,  oil,  117. 

Limagne,  oil,  159. 

Lima  oil,  characteristics,  69,  178,  183, 
194 ;  composition,  205 ;  production, 
69 ;  refining,  359,  360,  873 ;  Sulphur 
in,  183,  359,  360,  873 ;  yield  on  dU- 
tillation  of  oil,  194. 

Lima  oil  and  gas  field,  19,  42,  49,  69, 
70,  73,  74. 

Lime,  in  ash  from  oil,  206;  in  asphalt 
rock,  220,  221  ;  in  brown  coal,  454 ; 
use  in  refining,  340,  368,  382. 

Limestone,  Action  of  volcanic  gases  on, 
230;  anticlinals,  132;  Asphalt  and 
bitumen  in,  160,  176,  206,  222,  232; 
as  source  of  oil,  231,  2.35  ;  Gas  in,  42, 
48,  62,  61-63,  71,  76,  81,  83,  224,  276, 
277 ;  Oil  in,  151,  161,  163,  232,  235, 
238,  239;  Organic  remains  in,  104. 

Limmer,  asphalt  and  oil,  42,  158; 
asphalt  rock,  221. 

Linnemann's  dephlegmator,  463,  536. 

Lipinki,  oil.  111,  194. 

Liquid  fuel,  712-724;  burners,  371,  715- 
724;  thermal  efficiency,  190;  from 
residuum,  370,  379,  381,  387,  712; 
storage  on  shipboard,  721,  723. 

Liri  Valley,  oil,  147. 

lissenko  and  Stepanow  on  ''alkali  test, " 
649-651. 


Litharge  test  for  sulphur,  541,  65L 

Liverpool,  storage,  519,  520. 

LjutyK  on  refining,  381. 

"Llewellyn"  oil  well,  17,  20. 

Lloyd  oil  wells,  145,  146. 

Loam,  Oil  in,  165. 

Lobsan,  asphalt  and  asphalt  rock,  42, 
220,  221  ;  bitumen.  Composition  of, 
206 ;  oil  field,  154. 

Logan  sandstone,  54. 

Lo^an  shale,  &c.,  58,  59. 

London,  storage,  519. 

Loristan  oil  region,  165. 

Los  Angeles,  asphalt,  79 ;  oil,  78. 

Loss  in  refining  petroleum,  192-194,  355, 
357,  359,  363,  368,  387,  389,  398-40L 

Loss  in  refining  shale  oil,  447. 

Louisiana,  oil,  81. 

Lovibond's  tintometer,  201,  596. 

Lower  dark  shales.  Gas  in,  92. 

Lower  field,  extent  and  production,  64. 

' '  Lower  lime, "  see  Comiftrous  limestone. 

Lower  Silurian  formation,  Gas  in,  42, 

Lowe's  gas,  699-702. 

Lubricating  oil,  characteristics,  202, 203, 
356,  358,  359,  362,  379,  380,  384,  385, 
397401,  449,  455,  531,  637,  647;  co- 
efficient of  expansion,  185, 188;  Effect 
of  asphalt  in,  188 ;  Effect  of  paraffin 
in,  188;  flashing  point,  398-401  j  refin- 
ing, 323,  324,  342,  355,  356,  358,  362, 
376,  379-381;  relation  of  viscosity  to 
value,  185  ;  solidifying  point,  397, 
401,  402;  testing,  531,  532,  596-640, 
647-655 ;  yield  from  brown  coal,  455, 
457 ;  yiela  from  petroleum,  194,  195, 
200,  359,  380,  381,  398-401,  403 ;  yield 
from  shale,  412,  413,  447,  448,  465. 

Lubricating  oils,  German  railway  regu- 
lations, 637-640;  "Natural,"  310, 
533;  "Reduced,"  .310. 

Lux's  test  for  fixed  oils,  653. 

Lyman  on  Japanese  oil  fields,  7,  167, 
241,  242. 

Lynton,  testing  asphalt,  660. 

Lyons  Kun,  gas,  225,  227. 


H 


M'CoNNELL  on  occurrence  and  geology 
in  N.W.  territory  (Canada),  87-91. 

McCutcheon's  paraffin  press,  643. 

McDonald  oU  field,  18,  65. 

M'Gee  on  pressure  in  wells,  34. 

Machine  oils,  203. 

Malta,  legislation,  794. 

M'llhiney's  test  for  rosin  oil,  654. 

M'Kean  County,  gas,  42,  51,  66,  225, 
276 ;  oil,  64. 
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Mackenzie  River,  oil  and  tar,  23,   47, 

91. 
Macksburg,  oil,  178,  194 ;  oil  field,  45, 

69,  70. 
"M*Lane"oilwell,  22. 
Macnab  on  calorimetric  determination, 

189. 
MacNaught's  friction  tester,  627. 
Macuspana,  oil,  169. 
Magnesia,  in  asphalt  rock,  220,  221 ;  in 

brown  coal,  454. 
Magnesia-soda  test  for  snlphur,  652. 
Magura  sandstone,  106,  107,  108 
Mahoning  sandstone,  48,  52,  53 ;   Gas 

in,  42. 
Makum,  oil,  126.  128,  181. 
Mallet  on  occurrence,  &c.,  119,  120. 
Maniakai  oil  field,  96. 
Mandrel  socket,  257. 
** Manifold"  oil  weU.  39. 
Manitoulin  Island,  ozokerite,  41. 
Manningtou  oil  field,  68. 
Mann's  tester,  586,  591. 
Mansfield's  oil-gas  plant,  698. 
"Maple  Shade"  oil  well,  16. 
Marcellus  shales,  56  ;  Oil  in,  232. 
Marco  Polo  on  Baku  oil,  3. 
Marion  County,  oil,  68. 
Markownikow  on  naphthenes  io  oil,  211, 

212.  • 
Marl,'Bitumen  in,  159;  Oil  in,  108,  116, 

151,  162,  163;  Ozokerite  in,  108,  112. 
Marseilles  testing  apparatus,  582. 
Marsh  ground,  Gas  in,  223. 
Martell  on  tank  steamers,  489,  492. 
Martin  Iliver,  tar  spring,  87. 
Marvin  on  Baku  oil  wells,  25. 
Mason's  viscometer,  605. 
Massillon  sandstones,  59. 
Masut,  see  Residuum. 
MatitaTinta,  oil,  116. 
Mauch  Chunk,  oil,  53. 
Mauritius,  legislation,  794. 
Maxim's  carburettors.  692-095. 
Meade  County,  gas,  77. 
Meadville  shale,  59. 
Mecca-Beldeu  oil  field,  69. 
Mecca  oil  field,  19,  69. 
Medina,  oil,  170. 

Medina  sandstone,  Gas  in,  83,  84,  86. 
Medina  shales,  58,  61 ;  Gas  in,  84,  86. 
Mediterranean  marine  strata,  Oil  in,  100. 
Melenc  in  oil,  210. 
**  Mellot "  gas  well,  72,  276. 
Melting  pomt,  asphalt,  218,  219,  221 ; 

ceresin,  388,  389;  ozokerite,  217,  218; 

paraffin,  216,  346,  347,  356,  438,  442, 

444,  640,  641, 645 ;  paraffin  and  stearin 

in  admixture,  218 ;  vaseline,  214,  345, 

346,  347, 


Mencina,  oil,  111,  194. 

Mendel^ff  on  mad  Tolcanoes,  104 ;  oo 

origin,  104,  230. 
Mendoza,  oil,  171. 

MenUite  shale.  Oil  in,  107.  108,  109,  112. 
Mercer,  coal  beds,  53 ;  County,  oil»  54 ; 

group,  59 ;  limestones,  53. 
Mersey,  storage  regulations,  758. 
Merz's  extractor,  392-394. 
Mesitylene  in  oil,  210,  211,  464. 
Methane,  calorific  iiower,  189,  227. 
Methane  groan,  in  gas,  222;  223,  224, 

226 ;  in  oil,  207,  209,  537. 
Methyl  compounds  in  oil,  205. 
Mexico,  asphalt,  168,  169,  179;  oil,  194, 

200. 
Meyer's  testing  instmment,  576. 
Miami  County  oil  field,  79. 
Miano,  oil,  149,  151,  152,  182. 
Mica  schist,  Bitumen  in,  160. 
**  Middle  field,"  extent  and  prodnction, 

64. 
Middle  Rapid,  tar  sands,  88. 
Middlesbrough,  gas,  226. 
Milan,  Refinery  at,  154. 
Mills  and  Rowan  on  oil  fnel,  713-715. 
Millspaugh's  tester,  586,  591. 
Mills  viscometer,  619. 
MinbaiD,  oil,  117,  119,  120. 
Minbu,  oil,  121,  126, 181. 
Mineral  colza  oil.  Testing,  531. 
Mining  leases,  see  Z/easeSf  Mining, 
Minnesota,  borings  for  gas,  81. 
Minnesota  tester,  553. 
Minor  oil  fields,  158-174. 
Miocene  formation,  121,   159 ;    Asphalt 

in,  146;  Oil  in,  97,  10,^  108,  113,  116, 

151,  163,  166,  172;  Ozokerite  in,  4J, 

108, 112, 113;  Paraffin  in  oil  from,  215. 
Missouri,  Oil  and  gas  in,  52,  78. 
**  Mixing  oil,"  characteristics  and  nses, 

203,  383 ;  Refining,  382,  383. 
MiyOhOji,  oil,  167. 

Modena,  oil  and  gas,  148,  149,  150. 
Mogalkot,  oil,  132,  133. 
Mogan  plain,  oil,  95. 
Moinesti,  oil,  116. 
Moldavia,  ozokerite,  112. 
Monongahela  coal  measures,  52. 
Monongahcla  County,  oil,  68. 
Montechiaro,  oil,  149. 
Montechino,  oil,  149,  150,  154,  182. 
Montgomery  County,  gaks  and  oil,  81- 
Montmorenci  County,  oil,  232. 
Montpelier,  oil,  72,  73. 
Montserrat,  legislation,  794. 
"  Moreman  '*  gas  well,  78. 
Mostaganem,  oil,  161. 
Mountain  limestone,  54. 
Mountain  sands,  50,  53. 
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Mount  Morris  oil  field,  54,  (>8. 

Mouse  trap,  259. 

Mud  bit,  280,  282. 

Mud   volcanoes,   40,   41,  93,  102,   103, 

104,   120,    121,   126,    164,    165,   231; 

Natural  gas  in,  103,  119,  226. 
Miiller's  "Alpha"  carburettor,  692. 
Murraysville,  composition  of  gas,  223, 

225 ;  gas  field,  38,  51,  54,  66,  67,  276, 

277. 
Muschelkalk,  Ozokerite  in,  41. 
MuskiDgum  valley,  gas,  59. 
Myricyl  in  oil,  208. 


N 


Naoa  hiUs,  oil,  129. 

Nahor  Pung,  oil,  128. 

Naphtha,  bromine  reaction,  647  ;  Char- 
acteristics of,  203,  208,  353,  354,  357, 
432,  436,  437,  540,  541,  647;  from 
shale  oil,  426,  437,  447  ;  Oil  gas  from, 
705,  706  ;  rate  of  evaporation,  687- 
689;  refining,  335-338,  343;  testing, 
530,  647  ;  uses,  353,  443,  663  ;  yield 
from  oil,  208,  352,  353,  357,  359,  363 ; 
yield  from  shale,  448,  465,  466. 

Naphtha  Hill,  oil  and  ozokerite,  27, 102. 

Naphthalene,  Action  of  oxygen  on,  218 ; 
from  oil,  211,  212,  350;  m  coal  tar, 
234  ;  in  lignite-tar  oils,  465  ;  removing 
from  oil  gas,  704. 

Naphthenes  in  oil,  207,  209-212,  537. 

Naphthometers,  581,  582. 

Napier's  viscometer,  605,  619. 

Naroudja  and  Jacobi  oil  field,  98. 

Nasmyth's  tester,  602. 

Natal,  legislation,  794. 

** Natural"  lubricating  oils,  310. 

Ncatsfoot  oil.  Viscosity  of,  202. 

Negritos  oU  field,  135,  136. 

Neocomian  formation,  107,  109. 

Neogene  formation,  107. 

Nepitel,  oil,  101. 

Neviano,  oil,  150,  152,  182,  184,  195. 

Nevis  and  St.  Kitts,  legislation,  795. 

Newark,  ^as,  71. 

New  Baltimore  oil  field,  69. 

Newberry  on  origin,  233. 

New  Brunswick,  legislation,  795;   oil, 

87. 
Newcastle  (England),  ozokerite,  41. 
Newfoundland,  legislation,  795 ;  oil  and 

bitumen,  168. 
Newhall,  Oil  wells  at,  78. 
New  Mexico,  gas  and  oil,  52,  80. 
New  Plymouth,  oil,  171,  173. 
New  South  Wales  shale,  408-410. 


New  York,  Anthracite  in,  232 ;  Gas  in, 

52,  67,  223,  225,  276 ;  OU  in,  37,  38, 

48,  63-67. 
New  York  harbour  regulations,  812, 813. 
New  York  Produce  Exchange  rules,  480, 

532,  533,  535,  540,  541,  640. 
New  Zealand,  legislation,  763 ;  oil  and 

gas,  171,  172,  173,  174,  182,  195,  200; 

shale  industry,  410,  411. 
Niagara  County,  gas,  67. 
Niagara  dolomite.  Gas  in,  84. 
Niagara  limestone,  58,  60 ;  Gas  in,  68 ; 

Oil  in,  231,232. 
Niagara  Peninsula,  gas,  S3. 
Niagara  series,  58,  00. 
Niagara  shale,  37,  58;  Gas  in,  83,  84. 
Nitrogen  in,  asphalt  and  bitumen,  204, 

205,  219 ;  brown  coal,  453 ;  natural 

gas,  222-226,  petroleum,  190,  204,  205; 

shale  oil,  426. 
Nobel  County,  oil,  69. 
♦*  Nobel  and  Delamater  "  oil  well,  16. 
NobeFs,  continuous  distillation  process, 

367  ;  oil  fuel  burner,  715. 
Nodules,  Concretionary,  oil  in,  232. 
Noetling,  on  drilling  in  Burma,  246 ;  on 

oil  well  strata,  123. 
Nonane  in  oil,  207. 
Nonylcne  in  oil,  210. 
North  Borneo,  legislation,  795. 
North  West  Territories,  Oil,  gas,  and 

bitumen  in,  87-92. 
Norton- Otten's  dephlcgmator,  463. 
Norway,  legislation,  7il6 ;  oil,  160. 
Nova  Scotia,  bitumen,  217  ;  oil,  87. 
Nullaberg,  bitumen,  160. 
Nummulitic,  limestone,  142 ;  sandstone,. 

109. 


Oajaca,  oil,  169. 

Oberg,  oil,  184. 

Occurrence  of  petroleum,  natural  gas,  &c.,. 
1-31,  32-174. 

Ochsenius'  theory  of  origin,  238. 

Octane,  in  oil,  209 ;  Oil  gas  from,  706. 

Octodecane  in  oil,  208. 

Octylene  in  oil,  210. 

Odour,  Cause  of,  in,  oil,  205 ;  crude  oils, 
183 ;  kerosene,  541 ;  of  kerosene^ 
testing,  549. 

Oedesse,  oil,  184. 

Oelheim,  characteristics  of  oil,  182,  183^ 
191,  192 ;  chemical  composition  of  oil, 
210,  212;  lubricating  oU,  400;  oil 
field,  154.  155 ;  refinmg  oil  and  re- 
siduum, 3i97,  400,  402,  403 ;  yield  on 
distillation  of  oil,  183,  191,  192. 


890 


INDEX. 


Og&io,  oil,  190. 

Ohio  gas,  compotitioD,  224,  225  ;  oocar- 

rence.  42,  5i,  52,  61,  71,  72,  77 ;  pro- 

daction,  76 ;  3rield  of  wells,  276,  277. 
Ohio  oil,  characteristics,  178,  183,  184, 

2^ ;   compoftitioo,   204,   205 ;   occnr- 

reoce,  47,  49,  50,  53,  G8-70 ;  refining, 

36-J,  873 ;  Sulphar  in,  359. 
Ohio  oil  fields,  47,  49,   50,  53,  68-76 ; 

depth  of  wells,  26S ;  development,  18 ; 

dip  of  strata,  44  ;  geology,  54,  58.  69, 

233 ;   Source  of  oil  in,  231 ;  terrace 

stmctnre,  45,  46. 
Ohio,  S<iliferou8  rock  in,  40. 
Ohio  shale,  37,  58 ;  Gas  in,  52,  60,  71  ; 

Oil  in,  60,  77  ;  Pressure  of  gas  in,  71, 

77. 
Ohio  valley,  oil,  229. 
Oil  and  gas,   geological  accumulation, 

44-47. 
Oil  belts,  47,  50,  78,  IKJ. 
Oil  belt  theory,  47. 
''Oil    break       of     Burning     Springs 

(W.Va.),   45. 
Oil  City,  gas,  225. 
Oil  Creek,  oU,  184,  1S9,  204 ;  oU  strata, 

233. 
Oil  engines,  724-733. 
Oil  fuel,  see  Liquid  fuel. 
Oil  gas,  see  OaM,  OU, 
Oil  in,  natural  gas,  222 ;  paraffin,  641, 

644,  045. 
Oil  lamps,  soo  Lamps, 
Oil  sand.  Friable,  103. 
Oil  sands,  see  Sands  and  sandstones. 
Oil  saver,  267. 
Oil  shales,  see  Shalt:. 
••Oil  SpriiiK«,"  depth  of  oil  wells,  281  ; 

oil  field,  22,  82. 
Oil  well«,  see  Wells,  Oil. 
Oils,  Limestone,  151,  161,  163,  232,  235. 

238  239 
Okahuatin  Block  (N.Z.),  oil,  171. 
Okonite,  389. 
Oldham  on  theology,  Burma,  125  ;  Kh&tan 

oil  field,  130,  131. 
Old  lied  Sandstone,  55. 
Olean,  gas,  223. 
defines,   in   distillation  products,  318 ; 

in  natural  gas,  222,  224,  226 ;    in  oil, 

209  ;  in  oil  gas,  708  ;  in  shale  oil,  407, 

426  ;  in  vaseline,  214. 
Olentangy  shale,  60. 
Oligocene  formation,  108,  109,  158. 
OmyfiT6t6  and  Magh^^  oil  field,  98,  99. 
Onondaga  dolomite  and  shale,  84. 
Ontario,  depth  and  production   of  gas 

welU,  84 ;  Oil  and  gas  in,  23,  82-84 ; 

strata  pierced  by  gas  well,  84  ;  wells, 

82,84. 


Orange  Free  State,  oil,  168. 
Orangerille  shale,  55. 
'  Oregon,  ozokerite,  41. 
I  Organic   matter,  Xop-JHtwinmnoi^ 

centage  in  asphalt,  219. 

Organic  origin.  Theories  aC  22S,  231  -SiOL 

i  Organic    remains,    Absence    of.    in   oil 

strata,  230 ;  in  Baku  limeetone,  lOi. 
Orii^  Animal  and  vegetable.  1461,  231- 

240  ;  early  theories,  175,  176.  2^229; 

Inorganic  229-231  ;    temperatme    at 

which  oil  was  fonned,  234. 
Orton  on,  Lima  oil  field,  19  ;  origin,  228^ 

229,  234,  235,  239  ;  sonrce  of  oil,  231. 
Oswego  County,  gas,  67. 
Oxidation,  Effect  of,  on  oil  and  bitiunen. 

232;    of    oil,    218,     240;      of   oU   to 

asphalt,  240. 
Oxidation  products  in  oil,  649. 
Oxygen  acids  in  oil,  212,  213,  650. 
Oxygen,  action  on,   ceresine,  34S,  349; 

hydrocarbons,  218 ;    lignite    tar  oil, 

460 ;  vaselme,  348,  349. 
Oxygen  in,  asphalt.  219;    brown   coal, 

453,  455 ;  natural  gas,  222-226  ;   oil, 

190,  212,  21.3. 
Ozokerite,  characteristics,  216,  217,  218, 

388 ;  chemical  composition,  217,  218  ; 

Distribution  of,  41,  111,  112;  geology 

of;  112,  113  ;  in  oil  well,  170 ;  wnaMting 

point,  216;  production,  112,  302-307, 

389  ;  Befining,  387-396  ;  Testing,  532; 

656  ;  Sulphur  with,  1 12,  113. 
Ozokerite  in,  Assam,  128  ;  Canada,  41 ; 

East  Frisia,  41  ;  Egypt,  41  ;  £ni;land. 

41,    218;    Galicia,    28,    41,     111-113, 

218,  302-307  ;  Manitoulin  Island,  41  ; 

Marls,  108,  112;  Miocene  formation, 

41,     112,     113;     Muschelkalk,     41; 

Naphtha  Hill,  27  ;  Persia,  164  ;  Ron- 
mania,  41  ;  Bussia,  27,  41,  218  ;  sands 

and    sandstones,     112;     shale,    112; 

Tertiary  formation,    41  ;    Texas,  41  ; 

Utah,  41. 
Ozokerite-refining  plant,  389-396. 
Ozzano,  oil,  152,  182, 195. 


Padaukpen,  oil,  121. 

Pagan,  oil,  181. 

Pagorzyn,  oil,  111,  194. 

Paita,  oil,  133. 

Pakenham,  oil,  232. 

Palaeozoic  formation.  Gas  in,  48. 

Palembang,  oil  and  asphalt,  143. 

Paraffin,  Action  of  bromine,  646,  647 ; 
of  chlorine,  nitric  acid,  sulphar,  and 
sulphuric  acid  on,  216,  217 ;  of  best 
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and  pressure  on,  318;  Characteristics 
of,  207,  208,  215,  216,  438,  442,  444; 
Chemical  composition  of,  214-217; 
effect  on  expansion  of  oil,  188 ;  effect 
on  fluidity  of  oil,  188 ;  historical 
account,  215,  216,  404,  405, 407;  in  oil 
wells,  215 ;  lamps,  see  Lamps ;  melt- 
ing point,  216,  346,  347,  356,  438,  442, 
444,  640.  641 ;  Oil  in,  641,  644,  645 ; 
Oxidation  products  of,  216,  217 ; 
refining,  355,  356,  358,  360-362, 
387,  4;{8-447  ;  scale,  refining,  438-447  ; 
testing,  532,  640-647,  658 ;  uses,  217, 
662. 

Paraffin  in,  brown-coal  tar,  455-458 ; 
petroleum,  102,  194,  208,  214,  215, 
359,  387,  401,  436;  sandstone,  217; 
shale  oil,  216,  412,  413,  426,  447,  448, 
465,  46(5. 

Paratfin  in  oil  from,  Algeria,  162,  200 ; 
Assam,  200, 215;  Baku,  192;  Bem^,  124, 
125;  Boryslaw,  192;  Bukowina,  192; 
Burma,  120,  124,  125,  192,200,215; 
California,  79;  Canada,  192,  200; 
Galicia,  111,  192,200;  Germany,  158, 
215  ;  Mexico,  200 ;  New  Zealand,  173, 
200;  Pechelbronn,  215;  Philippine 
Islands,  145;  Rangoon,  192;  Red  Sea 
district,  192;  Koumania,  192,  200; 
Russia,  200,  215,  365;  Timor,  200; 
Trinidad,  147 ;  United  States,  200, 215. 

Paraffin  oil,  see  Burning  oiU,  Kerosene, 

Paraffin  series,  Characteristics  of,  207, 
20s  ;  in,  natural  gas,  222,  225  ;  petro- 
leum, 207,  208,  209;  shale  oil,  407, 
420 ;  vaseline,  214. 

Parallel -tube  condenser,  329. 

Parker  district,  oil,  178,  194. 

Parma,  oil  and  gas,  148,  149,  150,  184, 
189,  190. 

Parrish-Engler  tester,  582. 

Parrish's  testers,  581,  582. 

**Paur' oil  well,  100. 

Peace  River,  oil,  87. 

Pease^s  electric  tester,  575. 

Pechelbronn,  asphalt,  212 ;  Drilling  at, 
307 ;  gas,  222. 

Pechelbronn  oil,  characteristics,  183, 
184,  190,  191 ;  composition,  190,  204, 
212,  222,  226 ;  lubricating  oU,  401 ; 
Paraffin  in,  215 ;  refining,  155,  158, 
397,  398,  401,  402 ;  yield  on  distilla- 
tion, 183,  191. 

Pechelbronn  oil  field,  154,  155. 

Peckham  on,  distance  between  wells, 
250  ;  distillates  from  oil,  359 ;  origin, 
231,  233-235,  239 ;  refining  oil,  351, 
352. 

Peckham't  distillation  apparatus,  539. 

Peczenyzen  refinery,  386,  387. 


Pedlar's  licences,  743,  744. 

Pegu,  oil,  121,  181. 

Peine,  oil,  206. 

Pennsylvania,  coal  measures,  52;  oil 
belt,  51 ;  oil  sand,  36. 

Pennsylvania  Rock  Oil  Co.,  15. 

Pennsylvanian  gas,  composition,  223, 
224,  225 ;  occurrence,  45,  46,  51,  52, 
66 ;  pressure  in  wells,  277 ;  produc- 
tion, 76. 

Pennsylvanian  oil,  characteristics,  183, 
184,  189-192;  composition,  190,  206- 
210, 213 ;  conditions  controlling  forma- 
tion, 233 ;  occurrence  and  geology, 
47,  48,  49,  57,  63-67;  origin,  231, 
235 ;  production,  37,  38,  64,  65,  66 ; 
yield  OU  distillation,  191, 192, 194, 353. 

Pensky-Martens  tester,  597-599. 

Pensky's  testing  instrument,  596,  597. 

Pentadecane  in  oil,  208. 

Pentane,  explosive  mixture  with  air, 
512,  513 ;  in  oil,  207,  209  ;  properties, 
185  ;  rate  of  evaporation,  687,  688. 

Pentvl  sulphide  in  oil,  205. 

Perak,  legislation,  797. 

'*  Perfumery  oil,"  characteristics  and 
uses,  382,  383  ;  refining,  382,  383. 

Perry  township  oil  field,  64. 

Persia,  characteristics  of  oil,  164-166, 
182,  183  ;  gas,  164 ;  occurrence  of  oil, 
6,  102,  164- 166;  ozokerite,  164,  218; 
refineries,  166;  Sulphur  in  oil  from, 
183. 

Persian  Gulf,  mud  volcanoes,  41. 

Peruvian  bitumen,  133. 

Peruvian  oil,  characteristics,  136,  137, 
138,  179,  194;  depth  of  wells,  135. 
136,  137;  distribution,  133-138;  Gas 
with,  137  ;  Paraffin  in,  200 ;  refining, 
403  ;  yield  on  distillation,  194. 

Pescara,  Valley  of,  oil,  147. 

Petrocene  in  residue,  213. 

Petrolene  in  asphalt,  219. 

Petrolia,  gas,  223. 

Petrolia  oil,  characteristics,  179,  183, 
194 ;  distribution,  22,  82,  281 ;  Sul- 
phur in,  183;  yield  on  distillation, 
194. 

Petrolia  Oil  Exchange  Rules,  541. 

Petroleum,  see  special  headings  as. 
Asphalt,  Bitumen,  Kerosene,  Lubri- 
cating Oil,  Ozokerite,  Paraffin,  &o. ; 
Association  of  salt  with,  18,  39,  40, 
54,  153,  165,  194. 

Petroleum  engines,  724-733. 

Petroleum  ether,  203 ;  see  also  liaphtha, 

"Petroleum  gum,'*  in  oil,  193. 

Petroleum,  relation  to  coal  oils,  &c,  236. 

Petroleum  spirit,  see  Naphtha,  Benzine^ 
die. 
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Petroleum  vapour,  Ezploeions  of,  499- 
519.  595. 

Petroleum  vapour,  Testing  for,  591-595. 

Petrovsk,  oil,  197. 

••Pettifoilwell,  22. 

Phenols,  in  coal  tar,  234  ;  in  oil,  213. 

Phenolphthalein  test,  651. 

Phcnylated  compounds  in  oil,  212. 

Philippine  Islands,  oil,  145,  182. 

Phillips'  fluidimeter,  603,  604. 

"  Phillips  "  oil  weU,  16. 

Phillips,  on  natural  gas,  224,  227 ;  on 
origin,  2;)9. 

Phinney  on  oil  and  gas  in  Trenton  lime- 
stone, 73-70. 

Phlog-elaio-m^tre,  582. 

Phosphorus  in  oil,  206. 

Photogen,  characteristics,  455 ;  yield 
from  broivn-coal  tar,  455,  458. 

Photometric  standard,  Pentane,  686. 

Photometric  test,  385,  542,  546. 

Physical  proi)erties  of,  asphalt  and 
bitumen,  218-222,  658;  natural  gas, 
222-227 ;  paraffin,  214-217;  petroleum, 
136-139,  143,  145,  146,  152.  153,  177- 
203;  ozokerite,  217-218;  vaseline,  214. 

Piacenza,  oil  and  gas,  149,  150. 

Picene  in  brown-coal  tar,  213. 

Pico  Caflon,  oil,  194. 

Pin  socket,  257. 

Pintsch's  oil  gas  plant,  697. 

Pioneer  Run,  gas,  223. 

Pipe -lines,  ji^as,  66;  oil,  Baku,  483; 
Burma,  467  ;  Canada,  482  ;  certifi- 
cates, 475 ;  cleaning,  473  ;  couplings, 
473  ;  Italy,  154  ;  Liverpool,  520  ; 
London,  519  ;  Java,  138  ;  Pumps, 
473-475;  Russia,  483,  Sumatra,  139; 
United  States,  468-475,  480. 

Pipette  viscometers,  604. 

Pitch  Lake,  Trinidad,  146,  232. 

Pithole  grit,  53,  54. 

Pittsburg  coal  measures,  52. 

Pittsburg,  gas,  42,  67,  225. 

Piura,  oil  133. 

Pleasant  County,  oil,  68. 

Pliocene  formation,  oil  in,  106,  151, 
152. 

Plojesti,  oil,  184. 

Pocona  formation,  53,  54. 

Poiana,  oil,  116. 

Porphyritic  formation,  144. 

Portage-Chemung  formation,  56 ;  gas  in, 
66. 

Portage  eroup,  Oil  in,  233. 

Port  Colborne,  gas,  83. 

Portugal,  legislation,  797. 

Post-Eocene  formation.  Oil  in,  164. 

Potash,  action  on  lignite  oils,  459 ;  in 
brown  coal,  454. 


Potassium  chromate,  action  on  lignite 
oils,  459. 

Potassium  permanganate,  action  on  lig- 
nite oils,  459,  463 ;  action  on  paraffin, 
217. 

Potok,  oil,  105,  180,  302. 

Potter  County,  gas,  66. 

Pottsville  conglomerate,  48,  53 ;  gas  in, 
52. 

Poverty  Bay,  oil,  173. 

Prahova,  oil,  113. 

•*Pres(iue"oilwell,  57. 

Pressure,  Effect  of,  in  formation  of  oil, 
233;  Gas,  see  Goji  presvurc^  also  Welif^ 
Pi€H8ure  of  gas  in. 

Pressure  of  water  in  petroleum  strata,  75. 

Price's  retort,  417. 

Priestman's  oil  engine,  727-730. 

Prime  white  oil,  203. 

Prwiucer  gas,  carburetting,  702 ;  in  shale 
oil  distillation,  421-424. 

Production,  gas,  sec  GoAy  NcUural^ 

Production,  oil,  241309. 

Production  of  oil  in  varioos  districts 
(see  under  various  countries  and  dis- 
tricts and  in  Table,  of  Contents). 

Propane,  caloritic  power,  227;  explosion 
temperature,  516;  in  natural  gas,  222, 
223  ;  in  oil,  207. 

Propyl  compounds  in  oil,  205. 

Propylene,  calorific  power,  227  ;  explo- 
sion temperature,  515. 

Prussian  brown  coal,  453,  456-458. 

Psiph,  oil,  101. 

Puente,  oil,  194. 

Pulaski  County,  oil,  72. 

Pumping  wells,  269-273,  281,  302. 

Pumps  for  unloading  tank  steamers,  495, 
496. 

Punjab,  asphalt,  130;  oil,  31,  129. 
130. 

Pyknometers  (see  Specific  gravity  botilesy, 

Pyrenees,  oil,  48. 

Pyrene  in  oil,  212. 

Pyridin  bases,  in  oil,  205;  in  shale  oil. 
426. 

Pyronaphtha,  379,  380. 


QUAKRRTOWN  coal,  59. 
Quartz,  Oil  and  gas  in,  134. 
Quebec,  oil  and  gas,  47,  84-87. 
Quicksand,  Oil-bearing,  116. 


Raccoon  Creek,  gas,  225,  227. 
Hagusa,  asphalt,  160,  220. 
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Ramdohr's  paraffin-retining  plant,  361, 
362. 

Bam-Hormuz,  oil,  165. 

Ramri,  characteristics  of  oil,  181 ;  occur- 
rence of  oil,  117,  119. 

"  Rangoon  oil,"  Characteristics  of,  184, 
192 ;  Paraffin  in,  192 ;  yield  on  distilla- 
tion, 192. 

Rape  oil.  Viscosity  of,  202. 

Rasp,  260. 

Rawalpindi,  oil,  129. 

Reamer,  2.>2,  254,  282. 

Red  oil  of  (laliciaand  Bukowina,  110. 

Red  Sea,  characteristics  of  oil,  182,  192; 
chemical  composition  of  oil,  205,  206  ; 
yield  on  distillation  of  oil,  192. 

Reduced  oils,  310. 

Redwood,  air  gas,  686-690;  **  burning 
Quality  "  tester,  545,  546 ;  lamp  acci- 
dents, 678-681;  pressure  still,  320- 
322;  sounding  apparatus,  522;  vapour 
tester,  591-595  ;  viscometer,  602,  605- 
608,  610 ;  viscometer,  table  of  results, 
202. 

Redwood  and  Barringer's  water-tinder, 
623,  524. 

Refining  bitumen,  205. 

Refining  brown-coal  tar,  458-465. 

Refining  ozokerite,  .387-396. 

Refining  paraffin,  361,  4.37-447. 

Refining  petroleum,  12,  310-403;  agita- 
tor, 340-343,  354, 431 ;  chemical  treat- 
ment, 339-343 ;  distilling  plant,  see 
Dhtillimj  plant ;  Percentage  loss  in, 
192-194,  355,  ,357,  359,  363,  368,  387, 
398-401 ;  removal  of  sulphur,  205, 359, 
360.  3G.3,  364,  873. 

Refinins:  shale  oil,  426-437. 

Refractive  index  of  oils,  183. 

Regnault's  distillation  apparatus,  538, 
539. 

Regulator,  .t»as,  Westinghouse,  277. 

Reichen bach's  theory  of  origin,  228. 

Reservoir  rocks,  Oil  and  gas,  35-39. 

Residuum,  as  fuel,  370,  379,  381,  387, 
712,  see  also  Lu/uid/uel;  character- 
istics of,  190,  ,324,  358,  376,  384, 
397,  400,  401 ;  chemical  composition, 
190,  213;  Coke  in,  640;  New  York 
Produce  Exchange  rules  relating  to, 
640 ;  refining,  355,  358  ;  testing,  532, 
640 ;  Vaseline  from,  344 ;  yield  from 
oil,  191,  353,  357,  365,  387. 

Rhtetic  formation,  Asphalt  and  oil  in, 

171. 
Rhigolcne,  characteristics  and  uses,  20S, 

353,  354 ;  chemical  composition,  209. 
Richburg  sand,  Oas  and  oil  in,  67. 
Riche  and  Halphen*s  test,  647,  648. 
Ring  socket,  254. 


Rio  Arboletes,  oil,  170. 

Rio  Campanaro,  Oil  field  near,  152. 

Rio  della  Fontaiia,  oil,  152. 

Rio  Lombasino,  oil,  152. 

Ritchie  County,  oil,  68. 

Rivanazzano,  oil,  150, 153. 

Robertson  on  shale,  407. 

Rock  texture  and  flow  of  oil  and  gas,  75. 

Rod  guide,  286,  292. 

Rods,  Boring,  299. 

Roger's  Gulch,  ^as,  223. 

Rohri,  trial  borings,  132. 

Romany,  oil,  95. 

Ronet  (Soci^t^  Anonyme),  barrels,  528. 

Ropa,  oil,  HI,  193,  194. 

Rope  grab,  257. 

Rope  socket,  252,  254. 

Rope  spear,  257. 

Rope  worm,  260. 

Ropianka,  oil,  107,  108,  109,  215. 

Ropianka  Scbiefern  (shales),  107. 

Ropienka  oil  field,  105,  106. 

Rosenbladt's  test,  589,  590. 

Rosin  oil.  Tests  for,  654,  655. 

Rossmassler  on  refining,  382, 383. 

Ross's  theory  of  origin,  230. 

Roumania,  characteristics  of  oil,  117, 
181,  184,  192,  195;  chemical  composi- 
tion of  oil,  212,  213  :  connection  of  oil 
deposits  with  Galician  and  Caucasian 
fields,  116;  distribution,  &c.,  of  oil, 
48,  113-117;  geology,  46,  106.  116; 
ozokerite  in,  41;  paraffin  in  oil,  192, 
200;  prospects  of  development,  117; 
yield  on  distillation  of  oil,  191,  192, 
195. 

Bowne  oil  6eld,  105. 

Royal  Center,  oil,  72. 

Roy  and  Archer  ^s  i)ool,  52. 

Rudolph  Concessions,  oil,  158. 

Russia,  anthracene  from  oil,  213 ;  bro- 
mine absorption  test  for  oil,  214 ; 
characteristics  of  oil,  179,  183,  184, 
190-192,  194199,  201-203;  chemical 
composition  of  oil,  190,  207,  2j9- 
214  ;  depth  of  oil  strata,  103  ;  distri- 
bution of  oil,  92-104;  drilling,  283- 
289, 309;  gas,  42,  92-95,  102,  103,  22.3, 
226;  geology,  44,  92-104;  history  of  oil 
industry,  24;  kerosene,  see  Kerosene; 
legislation,  797 ;  light  oils,  365 ;  lubri- 
cating oil.  Expansion  of,  188 ;  ozokerite, 
218 ;  mu<l  volcanoes,  40,  93 ;  paraffin 
in  oil,  200,  215,  .365 ;  production  of 
oil,  95,  104,  283-289  (for  statistics  see 
Table  of  Contents) ;  refining  oil,  314> 
317,  322-325,  365-.385;  refinery  tesU 
for  refined  oils,  385  ;  statistics.  24, 
839-844  ;  transport  and  storage  of  oil, 
467,  482-489,  854-867 ;  vaseline,  344 ; 
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yield  on  distillation  of  oil,  191,  192, 
194  199,  365,  367. 


Saohalirn,  oil,  168. 

St.  Clair  Deville  on  coefficients  of  ex- 
pansion, 184. 

St.  Lucia,  legislation,  798. 

Saint  Mary's,  oil  and  gas,  69. 

Saint  Quirinus's  oil,  8. 

Salleron-Urbain  tester,  587-589. 

Salsomaggiore,  oil  and  gas,  150,  153. 

Salsominore,  oil  and  sas,  150,  153. 

Salta,  bitumen  and  oil,  171. 

Salt,  Association  of,  with  petroleum,  18. 
39,  40,  54,  153,  165,  194. 

Salt  layer,  Oil  in.  111. 

Salt  water  horizon  of  gas  strata,  75. 

••Salt  water  "sand,  54. 

«*  Salzthon  "  formation,  107. 

Samkhto  and  Michel  Gabriel,  oil  field, 
98. 

Sand,  in  asphalt  rock,  220 ;  in  bitumen, 
232. 

Sandgrecn  burner,  721. 

San  l)omiDgo,  oil,  145. 

Sand-pump  grab,  259. 

Sand  pumps.  252,  25.'>,  2G4,  286,  300; 
Use  of,  at  Baku,  103. 

Sands  and  sandstones.  Anthracite  in, 
233;  Bitumen  in,  2;i2 ;  Gas  in,  80, 
173,  174;  Oil  in,  80,  101,  107-110,  123, 
133,  1.37,  14.3,  145,  151,  15.3,  155,  160, 
163,  166,  16S,  169,  170,  171,  173,  174, 
231,  23-2,  235,  23o,  307;  Ozokerite  in, 
112. 

Sandusky  County,  oil,  69,  70. 

Sandusky  limestone,  59. 

San  Luis  Obispo,  asphalt,  79. 

Santa  Barbara,  asphalt,  79. 

Santa  Clara,  asphalt,  79. 

Santa  Elena,  oil,  170. 

Santa  Paula,  oil,  78,  170. 

Sarawak,  oil,  14.3. 

Sarmatian  formation.  Oil  in,  97,  100. 

Sassuolo,  oil  and  gas,  150. 

**  Sauborn  and  Shannon  "  oil  well,  22. 

Saxony,  brown-coal  tar  industry,  450; 
oil,  204  ;  shale  industry,  413. 

Saybolt,  **  burning  quality'"  tester,  544; 
electric  tester,  651-552;  viscometer, 
609,  610. 

Scandiano,  oil,  150. 

Schist,  Bitumen  in,  160. 

Schodnica  oil  field,  105,  106. 

Schuchow,  Intschik  and  Bary's  distilling 
apparatus,  371,  373. 


Schulze*8  cold-test  apparatus,  638. 

Schwabweiler,  characteristics  of  oil,  184, 
189, 190, 204;  chemical  compositioii  of 
oil,  190,  204;  oU  field,  154,  155. 

Scorteni,  oil,  116. 

Scottish  oil  and  paraffin  indastary,  405- 
408,  413-448. 

Sedimentary  rocks.  Oil  in,  229. 

Seed  bag,  249,  268. 

Selenitza,  asphalt,  160. 

Seneca  oil,  3. 

Senkowa,  oil.  111,  193. 

Servia,  shale  industry,  413. 

Se  Tchoan,  oil  and  gas,  166. 

Seyssel,  asphalt  and  oil,  42,  220,  221, 
222,  231. 

Shale,   Ammonia  from,  407,   414,  415, 
418,  421,  423-425,  449,  465,   466;  At 
senic  in,  458 ;  as  source  of  oil,  235 
"Barracks,"  414;  Berea,   37,  54»  58 
•*Big,"4l4;  "Big  Plain."  414;  Bitu 
men  in,  232;  Bituminous,    144,    168 
Bituminous,  as  sources  of  origin,  229 
**  Black,"    80;    **  Blacks  tone,"    465 
Breaker  for,  416  ;  **  Broxburn,"  414 
composition,  407,  410,  426  ;  crude  oil, 
yield  from,  407, 414, 415, 448, 449,  450 
"Curly,"  414;  "Dam  or  Kaeborn,'' 
414;   Devonian,  51,  77,  82;  distilllD^ 
416-426,  448,   449;    ''Dunnet,"   414, 
415;    early   refineries    in    U.S.,    14; 
Erie,  58;  "Fell,"  414;  French,  411- 
413,   448-450;   Gas  from,    424,    425, 
449;    Gas  in,  80,  92,  233,   234,  424, 
425;  Oil  from,  119,  128,  138,  143,  174, 
233,  234,  2,38,  239,  412,  413,  424,  447- 
449,    465,    466,    696,   704;    gasoline, 
yield  of,  424,  425,  437;  "Grey,"  414; 
"Jubilee,"  414;  "kerosene,"  in  New 
South    Wales,  408;    "  Kimmeridge,- ' 
465-4(K);    Linlithgow,  405;    "Lower 
Dark,"  Gas  in,  92;    "Lower  Wild," 
414;      "Maybrick,"      414;      «' Mid- 
lothian, "    405 ;    naphtha,    yield    of, 
448,   465,    466;    Mming,    411,    415; 
"Mungle"  or  "Stewart,"  414  ;  Ozo- 
kerite in,  112;  "Pumpherstone,*' 414, 
415;   specific  gravity,  410;    "Wee," 
414;    "Wee   Plain,"  414;    "Wild," 
414. 

Shale  oil,  characteristics,  190,  216,  412, 
426 ;  chemical  composition,  190,  407, 
426;  Distilling,  426-436;  Gas-oil  from, 
447,  449 ;  Loss  in  refining,  447 ; 
Naphtha  from,  426,  437,  447 ;  Paraffin 
from,  216,  412,  413,  426,  437  -  448, 
465,  466;  Refining,  426-437,  447; 
solidifying  point,  216;  Testing,  532, 
646,  656,  657. 

Shale  oil  industry,  404-450. 
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Shatron  coal  beds,  53,  59;  conglomerate, 
59. 

Sheffield  (Pa.),  gas,  225,  227. 

Shenango  sandstone,  Gas  in,  67. 

Sher&ni  district,  oil,  132. 

Shinano,  oil,  167. 

Shoran,  oil,  132. 

Shropshire,  oil,  9,  11,  231. 

Siary,  oil.  111,  192,  194. 

Siebenbiirgen,  |)araffin,  217. 

Sierra  Leone,  legislation,  798. 

SicUy,  oil,  48,  147. 

Signakh,  .oil,  97. 

Silica,  in  asphalt  rock,  220,  221 ;  in 
brown  coal,  454 ;  use  in  refining 
ozokerite,  394,  395. 

Silliman,  on  distillation  products  of  oil, 
177  ;  on  occurrence  of  oil,  3. 

Silurian  formation,  58,  104,  232,  235. 

Silver  in  oil,  206. 

"Simons  "  gas  well,  72. 

"Simplex"  carburettor,  695. 

Sinker  bar,  244,  249,  252, 254,  2S6. 

Sisters ville,  oil,  18,  65. 

Slanik,  ozokerite,  112. 

Slave  Lake  (Lesser),  bitumen,  87. 

Slip  socket,  257. 

SloDoda-Rungurska,  characteristics  of 
oil,  110,  ISO,  191, 192,  195;  occurrence 
of  oil,  28,  104,  105,  106,  110.  180,  293, 
294,  301,  .302;  yield  on  dUtilUtion, 
191,  192,  195. 

Sludge  acid.  383. 

Sludge,  Refining,  359. 

Smilno  Schiefem  (shales),  107. 

Smith,  J.  Lawrence,  on  refining,  356. 

Smith,  Watson,  on  origin,  236. 

Smith  port  oil  sand,  Gas  in,  42. 

Smithes  Ferry,  oil,  64,  362. 

Smyrna,  Petroliferous  earth  at,  164. 

Snow  pumps,  495,  496. 

Soap  as  preventive  of  electrical  excita- 
tion of  oil  vapour,  516. 

Soaps  in  oil,  542,  649,  650. 

Soda  in  refining,  3.39-343,  354,  .357,  358, 
364,  368,  379,  380,  383,  387,  397.  398, 
431.  432,  436,  337,  447,  449,  460,  461, 
462,  463. 

Soda  test  for  kerosene,  542. 

Sodium  test  for  sulphur,  651. 

Sokoloffs  theory  of  origin,  231. 

Solar  oil,  203,  379,  380.  384,  455,  458 ;  in 


cas  making,  709,  711. 
□Sic 


SoUd  hydrocarbons,  see  Hydrocarbons, 
Solid, 

Solidifying  point  of,  brown-coal  tar, 
455,  458  ;  fiuid  vaseline,  214 ;  lubri- 
cating oil,  397,  401.  402  ;  oils,  various, 
179,  181,  182,  202;  ozokerite,  216; 
shale  oil,  216. 


Somersetshire,  oil,  11,  12,  182L 

Sounding  apparatus  for  tanks,  522. 

Sourabaya,  Oil  near,  138. 

South  Africa,  oil  shale,  168. 

South  Dakota,  gas,  52. 

Spain,  asphalt,  220;  characteristics  of 
oil,  160, 182, 195 ;  gas,  160 ;  legislation, 
799 ;  occurrence,  48,  160 ;  refining, 
403 ;  shale,  413 ;  yield  on  distillation, 
195. 

Specific  gravity,  Determination  of,  185, 
533-535. 

Specific  gravity  of,  asphalt,  219;  ben- 
zine, 4^ ;  brown  coal,  453, 454 ;  brown- 
coal  tar  oil,  460 ;  crude  petroleum, 
110,  111,  119,  121,  128,  133,  136-139, 
143,  146.  153,  155,  158, 160,  162,  164- 
173,  176-179,  180-182,  185,  186,  191- 
194.  204,  216,  359,  384,  449,  532  ;  dis- 
tillates.  various,  192,  193,  208,  209, 
325,  352,  353,  372,  373,  375,  379,  382, 
429,  430,  432,  456-458,  460 ;  gas  oil, 
449 ;  gasoline,  357,  385,  647 ;  inter- 
mediate oils,  647 ;  kerosene  and  burn- 
ing oils,  201,  355,  357,  379,  380,  384, 
:i85,  387.  397,  432,  436,  449,  541,  543, 
544,  647 ;  lii^hthouse  oil,  531 ;  lime- 
stone oils,  2.35;  lubricating  oils,  356, 
358,  359,  362,  380,  381,  384,  385,  398- 
402,  449,  455,  637-639,  647  ;  **  mixing 
oils,"  383;  naphtha,  ,352, 353, 357, 432, 
436,  4.37,  647;  naphthenes.  211;  oil 
tar.  350;  ozokerite.  216-218;  paraffin, 
207,  208,  215,  216,  356 ;  paraffin  in 
solution,  125;  paraffin  oil,  455 ;  **  per- 
fumery oil,"  383  ;  photogen,  455 ;  resi- 
due, 357,  358,  376,  381,  397,  403; 
shale,  410;  shale  oil,  216,  412,  426; 
solar  oil,  455;  various  oils,  189,  190, 
200-203 ;  vaseline,  214,  344,  345,  347, 
647. 

Specific  gravity  of  oil,  Relation  of,  to 
depth  of  strata,  307. 

Speechly,  gas,  225,  227. 

Spencerville  oil  field,  69. 

Sperm  oil.  Viscosity  of,  202. 

Spindle  oil,  203 ;  see  also  Lubricating 
oU, 

Spouting  wells,  see  WeUs,  Oil, 

Sprayinff  low-test  oil,  342. 

SprengeT  tube  for  specific  gravity  de- 
termination, 534. 

Springer's  oil -gas  process,  702. 

Spud,  257. 

Squire's  open  tester,  551. 

Stammer's  chromometer,  547,  548. 

Standardising  flashing  point  testers,  571- 
573,  744. 

Standard  white  oil,  Characteriitics  of^ 
203. 
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Stanislaw,  ozokerite,  112. 

Starunia,  oil  and  ozokerite,  41,  111,  112, 

113,  194. 
Statistics,  General.  20,  24,  28,  821-867  ; 

Baku,    24,    839-844  ;    Canada,    839 ; 

Galicia,   28,  845-848 ;  United  States, 

20,  821-838. 
Steam,  Use  of,  in,  distilling  oil,  324-326, 

355,  357,  365,  371,  376,  379.  381,  386, 

402,  403,  460,  535  ;   distilling  shale, 

418,  421,  423  ;  paraffin  redning,  443. 
Steinforde  oil  field,  154. 
Sterry  Hunt  on  origin,  231,  232. 
Sterry's  process  of  refining  paraffin,  447. 
Steuben  County,  gas,  67. 
Stills,  see  DMllitig. 
St.  Louis  limestone,  42,  77. 
Stockfieth  on  drilling,  2S8. 
Stockton,  gas,  79. 
Stoddard's  tester,  585. 
Stombs  and  Brace's  still,  330-331. 
Stoneham,  oil,  178, 194. 
Storage,  see  Trannport. 
Straits  Settlements,  legislation,  799. 
Strippelmann  on  origin,  235. 
Sub-apennine  formation.  Gas  in,  150. 
Sub-carboniferous  limestone,  58.  59. 
Sub-Olean  formation.  Gas  in,  67. 
Sub-Olean  saudstone,  53. 
Sub-Olcan  Shenango  sandstone,  54. 
Substitute,  2S6. 

Succinic  acid  from  paraffin,  216. 
Sucker  rod  elevator,  271. 
Sucker  rod  spear,  258. 
Suez  Canal  regulations  for  tank  steamers, 

496,  497. 
Sugar  Loaves,  oil,  171.  172. 
vSuIaiman  Hills,  oil,  132. 
Sulphate  of  ammonia,  see  A  tnmonia. 
Sulphur.  uHsociation  with  oil,  162,  163, 

165,  170;  association  with  ozokerite, 

112    11.3. 
Sulphur  in,  asphalt,  218,  219,  220,  221 ; 

brown  coal,  45.3.  459;   oil,  147,   164, 

165,  183,  190,  205,  200,  2.35,  652,  873  ; 

shalo,  410. 
Sulphur,    removal    from    oil,  205,  359, 

360,  303.  3G4,  873;    Testing   for,    in 

oil,  651-652. 
Sulpliuretted  hydrogen,  in  brine,   159  ; 

in  gas.  158,  224,  225  ;  in  oil,  206;  in 

oil  wells,  70. 
Sulphuric  acid,  use  in  refining,  339-343, 

354,  .357,  358,  360,  .363,  368,  379,  382, 

383,  ,387,  .389,  394-398,  426,  431,  432, 

4.36,  437,  447,  449,  459,  461-464. 
Sulphuric  acid   test,  for  oils,  542,  6.38, 

639,  655  ;  for  ozokerite,  656. 
Sulphurous  acid,  Evolution  in  refining, 

339. 


Sumatra  oil,  characteristics,    139,  1^ 

143,  182,  195,  201  ;  distribution,  139- 

143;  pipeline,  139;  production,  139; 

refining.   143;   yield    on   distillatioo, 

195,  201. 
Sumgait  formation,  93. 
•♦  Sun"  oil  well,  3il. 
Sunning  process,  362. 
Sunschen  oil  zone,  96. 
Sujierheater,  3S1. 
Surakhany,  gas,  103  ;  oil,    39,   95,  180, 

194  ;  percentage  of  distillates,  194. 
**Suspiro"oUwell,  114. 
**Swan"oilwell,  22. 
Sweating  process  of    refininc   parafiio, 

443-447. 
Sweden,  legislation,  SOO  ;  oil,  160. 
Swedges,  286. 
Swiatoi,  ozokerite,  41. 
Switzerland,   legislation,    801>803 ;    oil, 

&c.,  159. 
Symes  on  oil  in  Burma,  6. 
Synclinals,  98,  116. 
Syria,  asphalt,  206;  oil,  164. 
Szipot  beds,  107. 


Tabasco,  oil,  1C9. 

Tagliabue,  closed  tester,  577-579,  691 ; 

cold  tester,  636 ;  oj)en  tester,  549,  550, 

591 ;  paraffin  tester,  641. 
Tait  and  Avis'  still,  331-334. 
Talara,  Refinery  at,  136. 
Tallow,  Viscosity  of,  202. 
Tanian  Peninsula,  mud  volcanoes,   41 ; 

oil,  26,  48,  99. 
Tampico,  oil,  169. 
Tank  barges,  479,  520,  524,  873. 
Tank  cars,  Russia,  484, 487.  488 ;   United 

States,  468,  476,  478.  479. 
Tank  road  M'agons,  479,  524. 
Tank  sailing  vessels,  488 ;  Lists  of,  854- 

867. 
Tank  steamers,  485,  488,  489-519  ;  Lists 

of,  854-867. 
Tanks,  Storajrc,  367,  475-477,  482,  484, 

485,  4S6,  487,  519-522. 
Tar,  from,  brown  coal,  455, 456, 457, 458  ; 

coal,  190;  oil,  192,  363;  oil  gas,  697. 
Tar  Island,  anticlinal,  87 ;  gas,  87,  S9. 
Tar  sands,  North-West  territory,  88,  89. 
Tar  springs,  Kentucky,  77. 
Tar  water  from  brown  coal,  455,  450. 
Taranaki,  oil,  171,  172,  182,  195. 
Tarentum,  oil  and  gas,  50,  51,  277. 
Tariff.  Austria,  386,  868. 
Tariff:),    Import    duties    on  petroleum, 

868-872, 


INDEX. 


897 


Tatham's  hydro-ozy  oil -gas  process, 
710. 

Tantoyuca,  oil,  169. 

Toheleken,  oil  and  ozokerite,  5,  27,  41, 
102,  217. 

Tegernsee,  asphalt,  158;  oil,  15S,  183, 
192,  212 ;  oil  field,  154. 

Telaga,  oil,  139. 

Telega,  oil,  116. 

Temper  screw,  252,  254. 

Temseh,  oil,  101. 

Tennessee,  gas,  52,  81 ;  oil,  81, 231,  235; 
oil  field,  20. 

Ter  oil  district,  27. 

Terek  oil  district,  96,  97. 

Terpenes  in  oil,  211. 

Terrace  structure  of  oil  and  gas  fields, 
44,  45,  46,  62,  68. 

Tertiary  formation,  anticlinals,  150,  151 ; 
Gas  in,  42 ;  Lignites  in,  450 ;  Oil  in, 
78,  96,  100,  129,  134,  138,  142,  14.3, 
144,  150,  151,  158,  165;  Ozokerite  in, 
41. 

Tervet,  on  testing  shale  oil,  656 ;  jNuaffin 
sweater,  444. 

Tervet  and  Alison's  paraffin  refining 
process,  444. 

Teschevli,  oil,  101. 

Testing,  385,  530-660;  alcohol-chloro- 
form test,  647-648 ;  alkali  test,  638, 
649-651  ;  anti-friction  properties  of 
lubricating  oil,  621-635  ;  ash,  206, 
368,  648,  649 ;  asphalt,  532,  658-660  ; 
'<brominetest,"214,646,647;  bnrning 
quality,  544-546  ;  calorific  value,  539 ; 
colour,  385,  546-548,  596 ;  crude  oil, 
214,  530,  532540,  565;  distiUation 
test,  385,  535,  536,  539,  542-544,  644 ; 
flashing  point  and  fire  test,  549-591, 
596-601 ,  645 ;  illuminating  power,  542, 
546;  kerosene,  368,  530,  641-591,  646- 
655 ;  lighthouse  oil,  531 ;  **  litharge 
test,"  541,  651  ;  lubricating  oils,  531, 
596-640,647-655,657;  mineral  colza  (or 
sperm)  oil,  531 ;  odour,  549;  ozokerite, 
532,  656  ;  paraffin,  532,  640-645  ; 
paraffin  oil,  530,  541-591 ;  petroleum 
spirit,  530,  540,  647,  651 ;  petroleum 
vapour,  509,  591-595  ;  residuum,  532, 
539,  640 ;  resistance  to  cold,  635-637, 
645 ;  shale  oil,  532, 646,  656,  657 ;  solar 
oil  distillate,  531  ;  specific  gravity, 
533.535,  596  ;  sulphuric  acid  test,  542, 
638,  639,  655 ;  vaseline,  532, 647, 655  ; 
viscosity,  602-623, 645;  volatility,  601 . 
See  also  Section  on  legislation  for 
relations  in  various  countrifss. 

Testmg  apparatus,  burning  quality, 
544-546 ;  calorific  power,  539 ;  cold 
test,  635-637;  colour,  546-54S,  596; 


distillation  test,  535-540,  542^44; 
flashing  point  and  tire  test,  burning 
oil,  549-590 ;  flashing  point  and  fire 
test,  lubricating  oil,  596-601 ;  friction 
tests,  621-635;  illuminating  power, 
546 ;  melting  point  of  paraffin,  640- 
641 ;  petroleum  vapour,  509,  591-595; 
pressing  paraffin  scale  for  oil,  642, 
643;  specific  gravity,  534;  viscosity, 
602-622. 

Testing  for,  acid,  368,  385,  653;  fixed 
oils,  653  ;  rosin  oil,  654, 655 ;  *  *  soaps," 
542 ;  solid  hydrocarbons,  657,  658 ; 
sulphur,  651,  652. 

Tctradecane  in  oil,  208. 

Texas,  oil,  gas,  and  asphalt,  20,  52,  80, 
231,  2.34;  ozokerite,  41. 

Thallene  in  residue,  213. 

Thames,  River,  Transport  regulations, 
757. 

Thermometer,  Potassium-sodium,  535. 

Thionesta  coal,  59. 

Thiophenes  in  oil,  206. 

Thorner,  distillation  apparatus,  544. 

Thorn  Creek,  oil,  178,  194. 

Thorn's  extractor,  390. 

Thurston,  friction  testers,  630-632;  on 
lubricants,  622-624,  626,  627. 

Thurston,  gas,  71. 

Thwaite,  oil-gas  plant,  699;  prodacer- 

gas  carburettor,  702. 
U,  oil,  27,  180. 

Timor,  oil  and  gas,  144,  145,  182,  195, 
200. 

Tintometer,  596. 

*  *  Tippecanoe  "  gas  well,  72. 

Tirgovistea,  oil,  116. 

Toluene  in  oil,  210,  211,  464. 

Topley,  on  geolosy  of  oil  and  gas,  42 ;  on 
occurrence  in  Galicia,  108. 

Torpedoes,  250,  273-275,  281. 

Toshen  shales,  107. 

Transcaspian  oil  fieldn,  27,  46,  102. 

Transport,  storage.  &c.,  97,  367,  467- 
529,  854-873. 

Transylvania,  oil,  48, 117,  200. 

Trap  dyke.  Oil  in,  84. 

Trap  rock.  Anthracite  in,  233. 

Trenton  limestone,  34,  36,  37.  49,  5S,  61, 
62,  63 ;  as  source  of  oil  and  gas,  235 ; 
brine  in,  75 ;  Gas  in,  42,  52,  62,  63, 71- 
76,  81.  83,  224,  276,  277 ;  OU  in,  19, 
62,  63,  69,  70,  74,  81,  205,  231,  232. 

Treumann  tester,  600,  601. 

Trias  formation.  Oil  in,  158. 

Tridecane  in  oil,  208. 

Trieste,  harbour  regulaticms,  765. 

Trinidad  asphalt  and  bitumen,  composi- 
tion, 218,  219,  222;  occurrence  and 
origin,  146,  232. 
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Trinldjd,  gac,  146 ;  historical,  7 ;  leg;u- 
Utioo,  805 ;  mod  volcanoes,  41 ;  oil, 
146,  147,  1H2;  Pitch  Uke,  218,  219, 
222 ;  Bulphar  in  oil,  147. 

Tmmlmll  ConnU',  Mecca  oil  field,  19. 

Tmskawiec,  ozokerite,  112. 

Tnuty  oil  ent^e,  730. 

Tnapse,  oil,  101. 

Tabing  upear  and  socket,  259. 

Tubing  wells,  see  Ccmintj  welU, 

Tombez,  oil,  133. 

Tomsky  on  refining,  339. 

••Tnrfa"  in  Brazil,  WJ. 

Turkestan,  oil,  46. 

Turkey  Foot  oil  field,  68. 

Torkish  £mpire,  oil,  164. 

Turpentine  oil.  Oil  gas  from,  706. 

Tustanowice,  ozokerite,  112. 

Twing/in  oil  field,  12li. 

Twist  drill,  260. 

Twist  drill  spear,  260. 

"Two-fbot"  coal,  414. 
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UlSTAHITE,  80.  217. 

Under  reamer,  286,  297. 

United  Kingdom,  legislation.  734-760 ; 
storage,  transport,  &c.,  519-529;  jfbr 
occurrence,  see  EnglatuL 

United  States,  distribution  of  kerosene, 
479-482;  driUing,  248-276,  .309; 
geology,  .32-81  ;  legislation,  806-819 ; 
minor  oil  fields,  76-81. 

United  States  gas,  composition,  222- 
226 ;  calorific  power,  227  ;  occurrence, 
47-81 ;  production,  275-277. 

United  States  oil,  bromine  absorption, 
214 ;  characteristics,  178, 179,183,184, 
189,  190,  192,  194,  201,  202,  203,  209, 
216  ;  composition,  190,  204,  200,  210; 
occurrence,  2,  13-21,  32-81  ;  parafiin 
in,  200,  215 ;  production,  50.  248- 
277;  refining,  310314,  351363;  sta- 
tisticH,  20,  821-838;  testing,  see 
Testing ;  transport  and  storage,  467- 
482  ;  yield  on  distillation,  183,  191, 
192,  194,  208. 

Unsaturated  hydrocarbons,  cause  of 
odour  in  oils,  183. 

Upheaval  of  strata,  influence  on  forma- 
tion of  oil.  233,  234. 

Upper  Sandusky  oil  field.  69. 

•*lJpperVein,"Oilin,  82. 

Ural  mountains,  oil,  101. 

Unjuhart  oil-fuel  burner,  721. 

Uses,  naphtha,  353,  354,  363,  443,  663  ; 
natural  gas,  153,  302,  664,  711,  712; 
petroleum,  1-14,  661-733;  detergent, 


663;  fad,  MS,  683, 712-724;  ilfaniiaat. 

ing   purposes,   661-686;    InbricatiDg, 

662;  imJinnal,  14,  15S.  165.  166. 169. 

176, 661 ;  motire  power,  662,  724-733; 

purification  of  aJoohol,  663  ;  vmmiah, 

663. 
Ustrzjki,  characteristics  of  otl.  111,  180, 

192,  195 ;  occorreDce  of  oU«  I05,  108, 

111,  301;  refinery,  387:    wells.  Ill, 

180,  301  ;  yield  on  di«tiH«ti<m  of  oil, 

192,  195. 
Utah,  asphalt  and  bitnmen,    80,   217; 

gas,  52,  80;  ozokerite,^l,  80. 
Utica  shale,  37,  58,  61,  « i  ;  as  cover  for 

gas  stratum,  74,  75 ;  Characteristics 

of  oil  and  gas  firom,  236  ;  distilled  for 

oil,  82. 


Vacccm  stills,  326,  327. 
Val  de  Travers,   asphalt  and  asphalt- 
rock,  42,  159.  212,  220,  221. 
Valve  rope  knife,  257. 
Valvoline,  202. 
Vancouver,  gas,  225. 
Van  Syckle's  stiU,  335. 
Vapour  density  of  paraffins,  206. 
Vapour,  Petroleum,  explosions  of,  499- 

519. 
Vapour  tension,  Testing,  588,  5S9. 
Varnish  from  petroleum  prodncts,  663. 
Vaseline,  Action  of  oxygen  on,  34S,  349  ; 

Bromine    reaction    with,    348,    647 ; 

Characteristics  of,  214,  344,  345,  347, 

647 ;    Composition  of,  214,   343-350 ; 

melting  point,    214,   345,   346,   347; 

separation  and  refining,  214,  343-350; 

Testing.  532,  647,  655,  656 ;  VoUtile 

oils  in,  214  ;  yield  from  oil,  200. 
Vaseline  from.  American  oil,  343,  345 ; 

Alsatian  oil,  344 ;  Galician  oil,  344 ; 

residuum,  344;  Russian  oil,  344. 
Vegetable  origin.  Theories  of,  231-236. 
Veith,  on  condensers,  327 ;  on  refining 

oil,  379,  380. 
VcUeia,  gas,  150  ;  oil,  150,  154. 
Venango-Butler  formation,  54,  67. 
Venango,  gas,  51,  66,  223 ;  geology,  44, 

55 ;  oU,  64. 
Venango  **  Heavy  oil "  district,  64. 
Venango  oil  sands,  46,  50,  54,  67>  235. 
Venezuela,  asphalt  and  bitnmen,  169, 219, 

232 ;  oil,  169. 
Ventilation  of  tank  steamers,  492,  493» 

494,  495,  498,  499,  518,  519. 
Ventura  Countv,  asphalt,  79 ;  oil,  78. 
Vera  Cruz,  asphalt  and  oil,  169. 
Vette's  testing  instrument,  586»  687. 
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Virginia,  bitumen,  217. 

Virginia  ras,  composition,  2*23 ;  occur- 
rence, 42,  51,  52,  68. 

Virginia  oil,  characteristics,  68, 184,  IflO; 
composition,  190,  204 ;  occurrence,  20, 
47-49,  68,  233  ;  refining,  .362. 

Virginia  oil  and  gas  fields,  20,  47-49,  68, 

Viscometers,  602-621  ;  comparison  of 
instruments,  610,  617. 

Viscosity,  Artificial  increase  of,  in  lubri- 
cating oils,  652;  relation  to  density, 
201,  202;  relation  to  lubricating 
value,  185;  testing,  602-62.3,  645; 
value  of  tests,  621-623. 

Viscosity  of,  brown-coal  oil,  460 ;  crude 
and  various  oils,  179,  181,  182,  202; 
lubricating  oils,  398-402,  531,  618, 
637-640;  rape  oU,  202;  tallow,  202; 
vaseline,  348. 

Volatility  test  for  oil,  601. 

Volcanic  deposit,  Oil  in,  172. 

Volcanic  theory  of  origin,  228. 

Volcano  oil  field,  68. 

Volcanoes,  Mud,  see  Mud  volcanoes, 

Vologda,  oil,  101.  102. 

A^on  Boy  en  on  refining  ozokerite,  394-396. 

Von  GiJmbel  on  origin,  240. 

**  Vulcan  oil,*'  Characteristics  of,  203. 


W 


**  Wagon"  still,  313. 

Waiapu  River,  oil,  172,  174. 

Wall  on  origin,  232. 

Wallachia,  oil,  184,  192. 

Wanklyn  and  Cooper's  still,  326. 

Wankowa  oil  field,  105,  106. 

Warren  County,  gas,  225 ;  gas  pipe- 
lines, 66. 

Warren  district,  oil,  18,  54,  64. 

Warren  on  Sumatra  oil,  139,  142. 

Washington  County  coal  measures,  52. 

Washington  district,  oil  and  gas,  18,  39, 
51.  53,  64,  64,  05,  69,  178,  194,  263, 
275. 

Water-finders,  523,  524. 

Water-flush  systems  of  drilling,  155, 
161,  300,  301,  306-309. 

Water  gas,  see  Oas,  Water. 

Water  in,  asphalt,  218,  220,  221 ;  brown 
coal,  453,  454 ;  brown-coal  tar,  455, 
456 ;  gas,  natural,  222 ;  lubricating 
oil,  655;  oil  wells,  155,  170;  paraffin, 
643,  644, 645 ;  in  petroleum  distillates, 
380 ;  residuum,  640 ;  oil  tanks,  523, 
524. 

Water-lime  stratam,  Ohio,  37,  38,  see 
also  UMerherg  limestone. 


Water  packer,  270. 

Water,  Viscosity  of,  202. 

Water-white  oil,  characteristics,  555, 
556. 

Waverley  black  shale,  55. 

Waverley  shales.  58,  59. 

Wealden  formation.  Oil  in,  15S. 

**  Webster  and  Shepley  "  oil  well,  22. 

Weeks  on  drilling  engine,  873 ;  on  occur- 
rence in  U.S.,  49. 

Wegelin  and  Hilbner's  extractor,  391, 
392. 

Weglowa,  oil,  105,  106. 

Welland  County,  gas,  S3. 

Wells,  brine.  Gas  m,  166. 

Wells  County,  oil,  72. 

Wells,  Gas,  39,  42,  45,  46,  51.  71,  84,  86, 
22.3,  275-277;  Depth  of.  78,  79,  166; 
Pressure  in,  .32-35,  139,  275-277,  287. 

Wells,  Oil,  1432,  39,  57.  78,  79-82, 
95,  100,  101,  113,  114,  120,  128,  129, 
133,  137,  146,  148-151,  154,  155,  158, 
161,  163,  166,  167,  171-174;  baUing, 
288,  289;  capping,  287;  casing,  245. 
248,  249,  267-269,  285,  286,  288,  292, 
293,  295 ;  Depth  of,  79,  110,  111,  121, 
1.35-137,  151-155,  159,  163,  167,  168, 
173,  174,  180,  243,  248.  266,  268,  269, 
281,  .301.  .302;  Diameter  of,  243,  245, 
246,  248,  249,  268,  269,  281,  28.3.  284, 
287,  288.  301 ;  Draining  action  of,  38, 
39, 63, 302 ;  drilling  records,  265,  266 ; 
Durationof,  271,301,  302;  Paraffin  in, 
215;  Pumping  of,  269-273,  281,  302; 
Sections  of,  267;  separating  oil  from 
gas.  273;  Torpedoing,  273-275,  281. 

Wemsdorf  beds,  107. 

West  Bloomfield,  gas,  223. 

West  Indies,  oil,  asphalt,  &c.,  47,  145- 
147. 

West  Virginia,  see  Virginia, 

Westinghouse  gas  regulator.  277. 

'*  Westinghouse"  oilwell,  57.  234. 

Westmoreland  County,  oil  and  gas,  51, 
53,  65,  66. 

Weston's  carburettor.  692. 

Westphal  balance,  5.34. 

**  Wheatland  "  oil  well,  57. 

White  oak,  oil,  184,  189. 

White  on  anticlinal  oil  fields,  45. 

"  White  oil "  springs,  Persia,  165. 

"White  sands,"  Pennsylvania,  66. 

Wicks,  Lamp,  677,  678. 

Wietrzno,  oil,  105,  180,  302. 

Wietze,  oil,  184. 

Weitze-Steinf6rde,  oil,  154,  182,  184, 
210. 

Wilcox,  gas,  225.  227. 

**  Wild  cat"  prospecting,  .W. 

Wilson's  chromometer,  547. 
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WilflOD  Comitf,  CM,  M. 

WiHoD^f  MmmnmJ*  enekut  box,"  425. 

*'  WmdOUmn  "  ofl  field,  M. 

Winged  nibadtote,  292. 

Win  Coontj,  gM,  ^2^;  ciiU€», 

WisoMutn,  g»a,  %  80. 

WiMoiuiik  t«iter,  579,  591. 

WojUmM,  rAU  HI,  193,  19ft. 

Wood,  bitammiwd,  232, 

Wood  Omntj,  gM,  72 ;  oil,  08,  69,  70. 

Woodbury's  frictioo  icrter,  627468. 

"Woodford"  oil  wen,  16. 

Woodroife  on  oil  At  Tcbekken,  5. 

Worthington  ofl  pamp,  473^  474. 

Wrenches,  252,  264,  &L 

Wnrzilitc,  80. 

Wyoming,  oU,  20, 50, 80, 178,  183, 194. 


Xtlevk  in  oil,  210,  211,  464. 


,      wella,  2«7,  ««; 
oiL  126, 181, 195 ; 


121,  122 ;  ofl 

Yeaatouiz,  oil,  121. 

Voong&Beiniy, 
431-436;  '"PeotlaDd 
rccort,  414,  416. 

YooDg  k  Bell,  oO-^e 

Young  ABrMh, 

loung. 


Yaw  Conntry,  oU,  121. 


Zabola,  rjil,  200l 

Zaloziecki,  theory  of  origin,  238i, 

Zamojikaya,  OU  well  at,  lOL 

Zante,  drilling,  161. 

Z&nte,  oil,  chaxBcteriitici,  161,  IS^ 

105  ;  occorrence,  48,  160-161. 
Zanabar,  legiilation,  819. 
"  Zephjrr  "  mnch  engine,  7 
.  Zomtoft,  oil,  135,  137. 
*'Zabaloff"oUwell,28. 
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